You can measure a university's research contributions in so many waysbe it with rankings, or monetary grants, or world-renowned breakthroughs. And at the University of Wisconsin-Milwaukee, we're proud of our standing on each of those counts. It's reflected in UWM having the highest rating for a research university from the prestigious Carnegie Classification of Institutions of Higher Education.
But to get a better sense of UWM's research impact, I think you need to go deeper. I think you need to see the stories of our people and the detailed work behind their research, to understand what drives them and how their findings affect people in their community, or people living half a world away.
That's what you'll find in our 2017 issue of UWM Research magazine.
We share with you our cover story on Paul Roebber's revolutionary (and money-saving) weather forecasting approach, and our in-depth look at the lifechanging potential of our Milwaukee Institute for Drug Discovery. We show you how our engineers are making your roads safer, whether it's through dissecting traffic data or developing better concrete.
You'll meet Anne Basting, recently recognized as a MacArthur Fellow, and learn how she wants to reframe our views on aging, a concept taking hold not only across our country, but also as far away as Japan. You'll see the light Melinda Kavanaugh shines on overlooked children who are the primary medical caregivers for adults. You'll read about Teresa Johnson's work to save infant lives in Racine, about Elizabeth Drame's work on special education, and about our experts on sport psychology.
New in this issue is a section featuring prominent books from our faculty members that show the importance of humanities to critical thinking in our society. We've also devoted sections to the research of our graduate and undergraduate students. We've put a spotlight on UWM's expertise in the areas of water and physics research, including an update on the internationally celebrated discovery of Einstein's predicted gravitational waves, in which UWM researchers played a major role.
It sounds like a lot, but there's even more inside, and it's still only a brief sample of the meaningful research underway at our 14 schools and colleges. I invite you to learn about such work throughout the year at uwm.edu/uwmresearch.
Best regards, Mark A. Mone Chancellor
Chancellor's Welcome BEACHCOMBER This buoy, built by faculty members and graduate students, spent the summer of 2016 gazing at Milwaukee's Bradford Beach. It monitors water quality, and eventually will provide real-time information to the health department and beachgoers, alerting them to potentially harmful levels of bacteria.
Todd Miller, an associate professor in the Zilber School of Public Health, is leading the buoy team, which includes assistant professor Matthew Smith and postdoctoral fellow Lucas Beversdorf. Construction takes place at the School of Freshwater Sciences, and plans call for one or two more buoys to hit the water in 2017.
The team also is crafting a database with information about how algae, sunlight, wind, waves and turbidity affect the growth of such bacteria as E. coli. -KATHY QUIRK
SPOTLIGHT ON WATER
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There are as many cows in Wisconsin's Brown County as there are people in the city of Green Bay. It's a fact J. Val Klump, dean of the School of Freshwater Sciences, uses to explain why agricultural runoff is a main cause of dead zones in Lake Michigan's Green Bay.
And here's another fun fact he likes to toss around: The average cow produces as much daily waste as 18 human beings. If that doesn't drive home the point, nothing will.
To break it down: With the spring and summer rains, phosphorus and nitrogen from manure used as fertilizer can wash into the Fox River, which empties into the southern end of Green Bay. The runoff can trigger massive growths of algae, creating a green soup in the bay.
Meanwhile, as the bay's surface water warms, its colder water, which is denser, sinks to the bottom. As algae die, they accumulate on the bottom and decompose, resulting in oxygen reduction -or hypoxiaand the creation of dead zones. Larger fish swim out of the zones, but smaller organisms cannot escape and suffocate.
Hypoxia ends in the fall when the surface cools and remixes with bottom water, replenishing the oxygen. Yet hypoxia can't be blamed entirely on the weather, or the cows. "Ultimately, we are the source of the problem, " Klump says. Half of Green Bay's phosphorus load comes from farms, including large-scale industrial ones that confine and feed livestock only in structures.
Klump has made the drive north from Milwaukee regularly since 2009, when scientists from UWM and UW-Green Bay teamed with the Green Bay Metropolitan Sewerage District to restore water quality and reduce dead zones.
Researchers have devised a computer model to track how much soil and phosphorus comes off the landscape. They're also using a buoy to monitor oxygen levels, temperature and wind speeds, and working with scientists at UW-Madison to predict how climate change will impact the frequency of hypoxia.
Because the Clean Water Act doesn't regulate nonpoint source pollution, such as land runoff, cleanup relies on volunteer efforts by farmers and urban-dwellers alike. No-till farming, for example, reduces erosion and runoff. Converting manure from industrial farms into biogas also keeps waste out of the watershed. Eliminating the dead zones could take many years, Klump says, but he's encouraged by efforts underway.
Biologist Jerry Kaster, an associate professor in the School of Freshwater Sciences, explains a hopeful sign from the summer of 2016. The mayfly, once a major food source for the Green Bay fish population, re-emerged. The Green Bay Fly, as it was called, was last observed in the area in 1955, and was nearly wiped out by Fox Valley paper mill pollution and resulting dead zones.
Re-establishment began in 2014. Since then, UWM scientists have stocked 488 million mayfly eggs at study sites under the purview of the Wisconsin Department of Natural Resources.
In addition to restoring a native species to its original ecosystem, Kaster says, the mayfly's comeback could be a boon to sport fishing in Green Bay, once a heralded source for walleye.
-KURT CHANDLER
Aqua
DETECTIVES
It made no sense when, during the summer of 2015, Carmen Aguilar and Russell Cuhel started seeing game fish that prefer cold water feeding near Lake Michigan's shore. "Fishermen were hauling big salmon right off the breakwall, " Cuhel remembers. "We thought, 'What is going on?'"
At the food chain's front end, the School of Freshwater Sciences researchers noticed something equally unusual for late summer. Tiny, cold-water phytoplankton called diatoms, what Aguilar and Cuhel say are "juicy steaks" for newly hatched fish, were appearing in the water column's upper half, where water should be warmer.
Cuhel and Aguilar have recorded a string of abnormalities in the lake's ecosystem during the past two years. It sent them hunting for an explanation and, supported by lake data they've collected for two decades, they believe some recent changes are connected to a changing climate.
When LAKE MICHIGAN burps
Every autumn, one of the world's largest freshwater lakes "belches." That's Harvey Bootsma's colorful description of the weeklong discharge of carbon dioxide from Lake Michigan into the atmosphere.
"It happens when the CO 2 concentration in the water is greater than the atmospheric concentration -a bit like a can of soda being popped open, " says Bootsma, an associate professor in the School of Freshwater Sciences. "We knew this degassing process happens in lakes in the fall, but we were surprised to find it occurring all at once in Lake Michigan. "
The event could offer new insight about maintaining a healthy food chain in Lake Michigan and also about the role large lakes play in climate change.
Like living organisms, lakes create and consume energy. CO 2 figures prominently in those processes, which include food production and consumption, and the decomposition of waste and organic matter.
So Bootsma follows the carbon cycle for clues to the status of the lake's food chain.
When the lake is "productive, " it is using lots of CO 2 in photosynthesis, which is carried out by phytoplankton. These phytoplankton support the rest of the food chain, including zooplankton and fish, so the more CO 2 that is used, the more fish the lake may be able to support.
Evidence of the curious CO 2 expulsion event turned up while Bootsma was analyzing an unusually large data set he's collected from a 10-year partnership with Milwaukee's Lake Express ferry. The vessel carries equipment that takes continuous measurements during four to six daily crossings, May through October.
In 2013, to help complement the ferry data, Bootsma started taking Lake Michigan's vitals during the winter months at a single location.
UWM scientists are among the first to study whether bodies of water as massive as Lake Michigan cycle carbon differently than smaller lakes. The research is needed to learn whether large lakes give off more CO 2 than they take in, which determines whether they might contribute to climate change or help minimize it.
Studies have concluded that smaller lakes are usually producers of CO 2 . Now, halfway through analyzing his data set, Bootsma is seeing different results for Lake Michigan.
"So far, it suggests that Lake Michigan is close to being neutral, " he says. "It takes up as much CO 2 as it releases. "
During warm months, Bootsma found the lake is a sink for atmospheric CO 2 because food production is in high gear. Some of this food sinks to the deep water, where it decomposes and is converted back to CO 2 . During cold months, when winds whip up the water, this CO 2 -rich water returns to the surface, where it releases CO 2 . Most of this release occurs in about one week in November.
Although it's too soon to definitively say if Lake Michigan is a sink or source for CO 2 , the data is revealing trends -and that unexpected belch -which Bootsma will further investigate. It also shows the importance of gathering meticulous data over a span of many years.
"Otherwise, " Bootsma says, "we would have missed this event, and our conclusions about CO 2 in Lake Michigan would have been completely wrong. "
-LAURA L. OTTO
Proteins carry out every process necessary for life, and they take their instructions from the body's genes. Learning more about how they work would help demystify gene mutations and provide new targets for pharmaceutical research.
The problem is that most proteins are notoriously difficult to image. Proteins often work in combinations called complexes, and current imaging methods yield only limited information about them. But new technology at UWM's Small Business Collaboratory lets researchers observe proteins interacting within living cells, something they haven't been able to do before.
Constructed by physics professor Valerica Raicu, the equipment consists of a custom multiphoton microscope with laser attachments. It provides a colorcoded view of how proteins and their complexes are distributed in a cell. "Think of the protein molecule as a car made of many parts, " Raicu says. "Rather than showing you just the parts, I can show you how they all are assembled to make the car. "
In two-dimensional images, each protein is tagged with a different fluorescent color. A laser "activates" the color of only one protein. But when the laserexcited protein interacts with another protein that's unstimulated by a laser, it "gives up" its color. Then, only the second protein's color is visible. The microscope can provide 3-D images by knitting together one thin slice of the image at a time. It also can show more than one color at a time, so researchers can see multiple interactions.
The new instrument is already rewriting some long-held beliefs about proteins that were based on how they interacted in lab conditions instead of in live tissue.
Paul Park, an assistant professor at Case Western Reserve University, has used it to watch live proteins in a human retina. A pigmented protein in the retina sparks biochemical reactions that trigger sight. Park wanted to see how that protein was arranged during the process. Ultimately, he wants to discover how certain gene mutations lead to impaired vision.
Raicu built the first iteration of the equipment with a Major Research Instrumentation grant from the National Science Foundation in 2011. Then, with more NSF support, he opened the collaboratory in 2014 so researchers from businesses, startups and other institutions could use the equipment.
With feedback from users and a new MRI grant, Raicu is now building an improved version of the microscope.
MRI grants are very competitive, and a single institution can only apply for three of them each year. In addition to Raicu, UWM physics researcher Patrick Brady and faculty in the Department of Chemistry and Biochemistry earned MRI grants. Winning three in one year is a rare feat for an institution, and it netted $1.7 million for equipment upgrades.
PROTEINS SHOW THEIR
TRUE COLORS
A laser is tuned to "activate" the color of one of the tagged proteins (green) but not the colors of other tagged proteins.
But when the laserexcited protein interacts with one that is not stimulated by a laser, only the second protein's color (yellow) is visible. Physicists Abbas Ourmazd and Russell Fung are using a mathematical algorithm to estimate the time of conception with much greater accuracy. In some circumstances, the algorithm can reduce timing uncertainty by a factor of 300.
If that holds true in this application, it could shrink the estimate to a range of days or hours. The project is funded by the Bill & Melinda Gates Foundation.
The computer algorithm works by extracting a weak arrow of time from noisy data with highly inaccurate time stamps. Think of it as restoring the initial sequence of a deck of cards after it has been heavily shuffled.
"There are some remnants of the original sequence in the shuffled deck, " says Fung, a senior scientist. "There's a weak whisper of time, like a faint voice in a loud party. "
The algorithm, which has many different applications, was originally devised to make movies of ultrafast chemical bondbreaking in molecules, and Ourmazd and Fung published its details in the journal Nature.
"It is a privilege to use the algorithm we originally developed for fundamental science to help improve people's health everywhere, particularly in developing nations, " says Ourmazd, a UWM distinguished professor of physics.
Neonatal health data will come from the foundation, which collects global statistics on the health of mothers and babies during, and for many years after, pregnancy.
A GPS FOR
GRAV WAVES
Suppose you're an astronomer trying to detect fiendishly subtle ripples in space-time sent from objects made of exotic matter. How would you do it?
How about with a GPS system? That's the idea behind NANOGrav, the North American Nanohertz Observatory for Gravitational Waves.
NANOGrav acts as a kind of GPS, but rather than a fleet of global positioning satellites orbiting Earth, the project uses an array of 54 pulsars orbiting the galaxy. And instead of locating your position on Earth, NANOGrav uses the pulsar radio signals to look for tiny shifts in the position of our planet in space.
"Imagine a sphere containing these pulsars being squeezed and stretched by gravitational waves, " says UWM physics professor Xavier Siemens. As gravitational waves disturb the space-time in this sphere, which spans hundreds of light-years, NANOGrav should detect tiny variations in the signals from the pulsars.
"That's one of the beautiful parts of this experiment, " says Siemens, the principal investigator on a $14.5 million, five-year grant to establish and operate the NANOGrav Physics Frontiers Center. "Nature has built an important part of the apparatus for us, and we get that for free. "
Although the successful LIGO project provides one method of finding gravitational waves, NANOGrav lets scientists study gravitational wave frequencies inaccessible with other discovery methods. By observing low-frequency gravitational waves, NANOGrav could provide information on phenomenon like super-massive black hole binaries or gravitational wave echoes from the earliest stages of the universe.
NANOGrav is sifting through radio waves collected by the gigantic Arecibo Observatory in Puerto Rico and the Robert C. Byrd Green Bank Telescope in West Virginia, looking for signs of these fantastically huge gravitational waves.
As with LIGO, the NANOGrav scientists hope to discover something that could disrupt conventional physics wisdom, such as cosmic strings. Although considered outlandish by some scientists, they are a theoretical artifact from the universe's rapid expansion during an infinitesimal moment after the Big Bang.
-GREG WALZ-CHOJNACKI
LIGO looks ahead
One year ago, scientists with the Laser Interferometer Gravitational-Wave Observatory, known as LIGO, told the world about their revolutionary discovery of gravitational waves. The dramatic find confirmed a century-old prediction of Einstein's theory of general relativity and promised to revolutionize how we explore the cosmos.
More than 1,000 researchers from 90 institutions worldwide were involved in the project, and UWM scientists played a critical role. They helped design and build LIGO's computers, databases and programs, while also analyzing data that confirmed the gravitational wave discovery. Now, they're turning their attention to what the discoveries reveal. "It's a fabulous feeling to know that we don't have to worry about finding gravitational waves, so we can now focus on the science," says Patrick Brady, a member of the LIGO team and director of UWM's Leonard E. Parker Center for Gravitation, Cosmology and Astrophysics.
Just as light waves and radio waves offer distinct ways to observe the universe, gravitational waves give scientists a fresh way to see what's out there. Observing the waves will produce data about celestial objects and cataclysmic events billions of light years away, opening doors to projects previously impossible with conventional telescopes. "There's lots of potential for just being surprised," says Jolien Creighton, another Parker Center researcher and LIGO team member. "Like seeing something that violates the theory of general relativity or some other cherished principal of physics -just because we're looking at the universe in a completely new way."
During the next five years, the LIGO team expects to find hundreds of gravitational wave sources as LIGO's instruments improve, and new techniques and observatories join the gravitational astronomy field. More sources of gravitational waves give scientists more data to examine and more envelopes to push.
"If we find that what we observe is not exactly as predicted by Einstein's equations, that would be dramatic," Brady says, noting that scientists might have to tweak the theory of general relativity. Among the gravitational wave sources most want to observe are events involving neutron stars, the ultra-dense remnants left over when large stars go supernova. They've been studied with conventional telescopes, but there's much more to learn. "We have no idea how matter behaves at that density," Creighton says. "Neutron stars provide the only physical laboratory we have to study matter of this sort." In addition to Brady and Creighton, UWM's LIGO efforts have been spearheaded by Parker Center researchers and LIGO members Alan Wiseman and Xavier Siemens. Overall, UWM's involvement in the LIGO project has generated some $25 million in federal grants. This isn't a really bad day at work or even a two-week-long health crisis. Toxic stress is chronic, unmitigated stress, experienced week after week, year after year, and it affects behavior, learning and health for a lifetime.
For 20 years, Pate has talked to hundreds of black men in America to explore the largely unappreciated circumstances that impact them. And he's concluded that the array of factors affecting black men matches the toxic stress definition.
The If you're a woman over age 65, the idea is worth further study. Ira Driscoll, UWM assistant professor of psychology, found higher caffeine intake in women over 65 was associated with reduced chances of developing dementia or other cognitive impairments. The research was published in the Journals of Gerontology and released Oct. 1, 2016, on International Coffee Day.
Driscoll emphasizes that the study didn't imply a cause-and-effect relationship, but she believes the potential protective benefits are worth further exploration. "We're not saying it's a be-all and end-all and that it will prevent anyone from getting dementia," she says, "but it's good to know since so many people drink coffee."
The research looked at 6,467 women who reported drinking caffeinated beverages daily. Those who drank more than 261 milligrams of caffeine per day -between two and three cups of coffee -showed a lower risk of developing dementia or cognitive impairment 10 years later than those who drank less.
The study by itself doesn't mean older women should start binging on coffee, but Driscoll thinks it should spark a closer look at the increased caffeine intake. "It doesn't seem to be harmful," she says, "and there's some evidence from nonhuman research as to what the potential mechanisms might be."
The data analyzed were drawn from the Women's Health Initiative Memory Study of women between the ages of 65 and 80 who were followed for up to 10 years.
-KATHY QUIRK
In its most recent report card, the American Society of Civil Engineers gave the nation's drinking water and wastewater systems grades of "D." One big reason: Our drinking water systems include some 1 million miles of infrastructure that's nearing the end of its useful life, and replacing broken components will cost an estimated $1 trillion over the next decade.
With that in mind, the emerging field of cyber-physical systems, or CPS, is poised to evaluate the pipes, pumps, valves, regulators and tanks in the nation's 170,000 public water systems and 16,000 public wastewater systems. The goal is to put money into the most needed repairs.
"As the nation's infrastructure ages and budgets are limited, we need to invest wisely to repair and reinforce our water systems," says Lingfeng Wang, College of Engineering and Applied Science associate professor and director of UWM's Cyber-Physical Energy Systems Laboratory.
CPS integrates computations, communications and physical processes. Wang, considered a leader in this field, created a CPS software tool for the probabilistic, quantitative risk evaluation of water systems. Essentially, it removes guesswork from prioritizing repairs, and adds intelligent oversight to a complex and sophisticated system. Currently, there is no systemic way to determine which areas of a water system are most in need of repair. Decisions are often made only after breakdowns occur. "The tool adds intelligence to the system and identifies the weakest links," Wang says. That would help utilities, urban planners and policymakers make betterinformed choices.
In addition to pinpointing failure risks within a system, the tool could be used to minimize the effects of natural or man-made disasters, including cyberattacks. "In all cases, it supports a water system's resiliency, security and reliability," Wang says.
The The FACT study seeks to pinpoint conditions that undermine health and well-being over a lifetime and across generations. "The hope," Mersky says, "is to use this information to improve practices, programs and policies so that we are truly making a difference."
The institute already assists home visit programs in Wisconsin through the Childhood Experiences Survey, which is used by social workers, nurses and other service providers. Developed by Mersky and James Topitzes, associate professors in the Helen Bader School, the survey measures adverse childhood experiences while also identifying family strengths. In the traditional view, mentoring relationships at work allow senior employees to pass their wisdom on to younger colleagues. "They become the Yoda mentor, sharing advice and knowledge with the protégé," says Belle Rose Ragins, professor of organizations and strategic management in the Lubar School of Business.
But Ragins' research, done through surveys, shows that it may be time to leave Yoda behind for a different approach. In what she calls "highquality" mentoring relationships, mentor and protégé trust each other, seeing their connection as a two-way street where both learn and grow, and both have expertise to offer.
"It becomes a holding environment and safe haven for authenticity, where both can be themselves," Ragins says. She's long studied work relationships and is now examining how mentoring affects an employee's organizational attachment. She's also looked at the roles of gender and diversity in mentoring relationships, and believes these improved mentorships can be particularly helpful to young women and minorities.
When a protégé feels comfortable, she can speak honestly with her mentor about workplace issues, such as subtle sexist or racist attitudes. They can talk through strategies to deal with these issues, and mentors also can ease a protégé's self-doubt in response to stereotypes and bias. Ragins says this level of support helps protégés thrive on the job and may improve employee retention.
Top-notch mentorships are uncommon. "Most fall in the center of the bell curve and are average in quality," Ragins says.
Developing more authentic mentor-protégé relationships takes time, as does changing a company's culture. But Ragins is optimistic that the right workplace training can make high-quality mentoring relationships the norm.
The translation of pain
Feeling pain, whether it's from a root canal or a shattered heart, is among the most universal of human experiences. It also can be profoundly isolating.
"Pain is invisible to anyone who is not experiencing it directly," says Lorena Terando, a translation and literature associate professor in the College of Letters and Science.
"As the one who experiences it, you must convey your pain through language. But it's very difficult to convey through language when it's such an abstract, unspeakable thing."
But what is difficult is also necessary. Language is one of the most powerful tools available to diagnose, understand and recover from pain. Imagine parenting a sick child or going to couple's counseling without descriptions of how your child, you or your spouse feels.
Terando can't. As a professor, mother of three bilingual daughters and translator of award-winning nonfiction such as "My Life as a Colombian Revolutionary," she studies techniques necessary to transmit stories of pain across linguistic and cultural barriers.
"Pain, as language, is shaped by culture, time and place," Terando says. She offers the difference between two ER patients with the same injury using the 0-10 Numeric Pain Rating Scale: "An 85-year-old World War II veteran tells the doctor his pain is at a 3, and a 30-year-old homeless person suffering from addiction says his pain is at a 10." How the doctor treats each patient is based on each man's articulation combined with the doctor's knowledge of their histories.
Fluent in Spanish, French and English, Terando is fascinated by the personal preferences and cultural biases translators bring to their work. Meaning shifts when a translator chooses one word to describe pain over another.
So, Terando chooses her words most carefully, and advises her students to do the same.
-ANGELA McMANAMAN
The basics of nutrition Bird experts thought Virginia rails and red-shouldered hawks had long since disappeared from the Milwaukee area. But UWM researcher Gary Casper, leader of a team doing the area's first-ever comprehensive wildlife survey, was surprised to find both types of birds still flitting about. "Whenever you do these things, you're revising your opinions as the data comes in," Casper says. The biologist and his colleagues are counting birds, otters, turtles, dragonflies and other wildlife in northern Milwaukee and southern Ozaukee counties. It's one step toward establishing a baseline for existing species and eventually restoring habitat quality along the Milwaukee and Menomonee rivers, as well as their tributaries.
It's an Area of Concern, a designation from the Environmental Protection Agency and Wisconsin Department of Natural Resources given to places where environmental degradation has led to "significant impairment of beneficial uses."
Although certain species, such as bears and wolves, can't be re-established in the area because of their extensive habitat requirements, some, like rare frogs or other endangered species, could benefit from more habitat in existing parklands.
Having biodiversity and being able to interact with nature is critical to society, Casper says, and not just for the animals. "If the wildlife is dying because of disease and pollution," he says, "it can't be very healthy for people, either."
Casper and his team use traps, trail cameras and audio recorders to gather information. They also draw on historical data and even social media sites, such as eBird and a Wisconsin naturalist Facebook group, to gather details on sightings.
In addition to finding unexpected birds, researchers found several dragonflies and mussels that had never been recorded. "Even some mammals like beaver and otter are turning out to be much more common than people thought," Casper says.
Not surprisingly, most species are found in green spaces, with the numbers decreasing in areas closer to cities. Also unsurprising, Casper says, is that a loss of habitat, as well as disease and pollution, are taking a toll on wildlife.
-KATHY QUIRK They are called food deserts, usually impoverished areas that lack access to grocery stores and other sources of healthy foods like fruits and vegetables. People who live in them often fall back on corner-store foods that are high in sugars and fats, and generally bad for their health.
Such decisions contribute to a host of health threats, including obesity, diabetes and cardiovascular disease. It's just one link in Renee Walker's chain of research about how poverty affects nutrition and health.
An assistant professor in UWM's Zilber School of Public Health, Walker has conducted extensive interviews with people to learn how they make basic choices about food. "How do they get through the day?" she asks. "What are some of the decisions and behavioral pieces that go into just getting food?" People might have to choose between paying the rent and buying food, or between feeding their children and feeding themselves. Access to transportation affects choices about where to shop and how much to buy. People who live in food deserts prioritize factors like calorie density and the necessity to make food stretch more than those who have easy access to food.
And though she's found that food availability matters, the problem goes beyond just buying groceries. "It's not just access to nutritious food," Walker says. "People don't have stoves. They don't have things as basic as knives for food preparation."
It's a complex web of factors, and there are no easy answers. "The climate around Milwaukee is one of people seeing the problem and wanting to do something," Walker says. "But to tackle these issues, it's got to be all hands on deck."
A wild survey
Walker
Making better mentors
Images like pie charts are designed to make information easier to understand, but imagine if you could only hear them. For the 7 millionplus Americans who are blind or have significant vision loss, this is the reality when they're using the Internet.
Many with vision loss use software that reads text from a website, so browsing the web or using email becomes a listening activity. That's fine with words, but translating more complex graphical elements is a challenge. So determining how a blind person interprets something like an image is just the first step in the ambitious project of Iris Xie and Rakesh Babu, researchers in the School of Information Studies.
Professor Xie says they want to make it easier for people with impaired vision to use digital libraries, including the Library of Congress. Such repositories offer sighted users a wealth of information, but they lack "support for how a blind person would see things," says Babu, an assistant professor. The researchers think digital libraries could, and should, be as beneficial for those who cannot see.
By studying how people with vision loss process auditory information, Xie and Babu hope to develop better design standards for websites, thus making screen reader interactions less cumbersome. And digital libraries are just a starting point. Those design principles could later be applied to other websites and information systems.
Xie has long studied interactive information retrieval processes and how people use different types of information systems. Babu, who is blind, has devoted his academic career to improving how people with visual impairments can access information on computers. The project will run through 2019 and is partially funded with a National Leadership Grant for Libraries from the Institute of Museum and Library Services. 
Old-timer
FRONTIERS
Robot research at the Jewish Home
The quiet robot's name is Nikki, which means, fittingly enough, "to clean" in Hebrew. It's a new addition to Milwaukee's Jewish Home and Care Center, and though it's only 3 1/2 feet tall, its disinfecting skills have played a big role in reducing infection rates among residents.
When switched on, Nikki's head rises out of its body, revealing a "neck" made of lamps that emit pulsed-xenon ultraviolet light. The light kills any pathogens in a 12-foot radius and is so strong that humans must step out of the room while Nikki works. The 15-minute sanitizing process is used along with traditional cleaning.
Nursing professor Christine Kovach, who holds a three-year research chair at the Jewish Home, has studied the robot's germ-busting ability. The Jewish Home is one of only 12 nursing homes in North America with on-site research offices and the only one in Wisconsin.
Nikki, created by Texas-based company Xenex, is usually used in hospitals, often to disinfect operating rooms. "We're the first nursing home in the country to test it," Kovach says.
She and her team found surprisingly few bacteria after traditional cleanings, but even fewer after robot cleanings. Researchers also analyzed infection rates in the facility before and after staff began using Nikki. Hospital-acquired infections rose among residents admitted to hospitals in that period, but the number of residents who contracted such infections at the Jewish Home dropped significantly.
Elaine Dyer, the Jewish Home's director, says Nikki benefits residents by killing pathogens on surfaces that can't get frequent cleanings, such as wallpaper, curtains and books.
She added that last winter, Nikki minimized outbreaks of norovirus among the residents in assisted living and independent care. Kovach's next Jewish Home endeavor is studying the diagnosis and treatment of restless leg syndrome in people with dementia. She's co-principal investigator on the project, which is funded with $3.8 million from the National Institutes of Health.
"So much of long-term care is based on habit. It's not based on sound science, so there really is a critical need for research," Kovach says. "We can use a high level of science and sophisticated methods, and ask questions that are particularly relevant."
-ERIN O'DONNELL
Kovach and Nikki
THE
YOUNG
CAREGIVERS
Very little is known about the million-plus American children providing significant medical care for adults. Melinda Kavanaugh wants to change that.
B Y D AV I D L E W E L L E N
Children in caregiving roles, such as Brennon Colburn (inset), are at the core of Melinda Kavanaugh's research.
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After Brennon Colburn's father was diagnosed with amyotrophic lateral sclerosis -commonly known as ALS, or Lou Gehrig's disease -his dad's health rapidly declined. So Brennon, then 13, biked several times a week though the streets of Oshkosh, from the home he shared with his mother to his father's house. There, he did laundry, carried his father upstairs, and even helped him bathe and use the toilet.
"He used to do that for me," Brennon says. "I felt sad, but I felt like I owed it to him." He'd repay the debt for nearly two years until his father's death in October 2016.
Brennon was part of an invisible army of children providing short-and long-term medical care to adults. It's a phenomenon at the core of Melinda Kavanaugh's research at the Helen Bader School of Social Welfare.
Only a handful of people nationwide study the topic, however, and she bemoans the small knowledge base for something more common than you'd think.
An estimated 1.4 million children in the United States could be classified as young caregivers, the total reported by a 2005 study. That study, a collaboration between the National Alliance for Caregiving and the United Hospital Fund, was the first attempt to discern the prevalence of young caregivers, and it remains the only one.
Kavanaugh, an assistant professor of social work, thinks that estimate is low, considering all the factors involved. "You think of how many people have a disease," Kavanaugh says, "and it's hard to get care anyway, and we know that most care is provided by family members.
"So, of course, kids are going to get involved," she continues. "But how they are involved, and the impact of their involvement, is what we study."
Most of Kavanaugh's research involves interviewing children ages 8 to 19, but some as young as 6 have expressed an interest in talking about their experiences. The tasks they handle vary depending on age, but Kavanaugh shares how even some 8-year-olds have helped parents get dressed, bathe, use a feeding tube or administer medication.
"We do know that these kids grow up fast," she says. "One thing I hear a lot is, 'I lost my childhood.'" It manifests in something as simple as being unable to play after school because an ill parent is waiting. Kavanaugh has learned that children hardly ever get training in how to give care, even (or especially) for medical procedures. For many, the best-case scenario is that they watch an adult do it once. They are often afraid of a mistake that will make things worse.
So Kavanaugh goes beyond using her research to inform practice and toward making a difference in the lives of her subjects. "I really connected with her," Brennon says. "She told me that this is what's going to happen, and I've got to face the facts. She told me that he was still the same person, even if he couldn't talk or eat. She wasn't acting like a social worker to me. It was more like she was a mentor."
And Kavanaugh never wants to overlook that part of her job. She spent the first part of her career as a social worker in health care settings and pursued her doctorate at the University of Wisconsin-Madison so she could research young caregivers. "Sometimes, being in research is therapeutic in and of itself," she says. "You're letting them tell the story, and you are bearing witness."
She's found parents are proud of their children for their care contributions, but also feel guilty about needing those contributions. A key question, without a definitive answer yet, is how many parents rely on a child because they can't afford anyone else.
The few federal and state programs that aid family caregivers are often underfunded and don't acknowledge caregivers under 18. In the United Kingdom and Australia, family members, Brennon Colburn, who started caring for his father at age 13.
" We do know that these kids grow up fast," Melinda Kavanaugh says. "One thing I hear a lot is, 'I lost my childhood.' " including children, are eligible for financial support and respite care. "Light-years ahead of anything we have here," Kavanaugh says.
Because the issue of young caregivers is so far beneath the radar, Kavanaugh's duties often include a public education component. When speaking about it with policymakers, she concentrates on economics and how children's home responsibilities keep them from being engaged at school, so they're less prepared for the workforce.
Federal research tracks children's health, but the physical, mental and emotional impact on a child caring for a family member falls through the cracks.
"Emotionally, it was my normal," says 16-year-old Ian Turley of Menomonee Falls, who spent some four years in a caregiving role before his father died of ALS in 2014. "I didn't know what having an able dad was. You think that any person could be responsible for someone in that situation."
The situation can be made better, however, particularly if children are acknowledged and valued. "They need support," Kavanaugh says, "and friends who understand it, and people to help them provide care."
Among the support outlets for young caregivers are summer camps, which are often sponsored by disease-centric organizations. In 2016, Kavanaugh asked Ian to speak to an audience of younger children living with an ALS patient, which helped speaker and listeners alike.
Stan Stojkovic, dean of the Helen Bader School, says that as the U.S. population ages, caregiving in general will become a more important area of social work. He says Kavanaugh is ahead of the curve on the other end of the age spectrum, and that helps UWM in more ways than just funding and exposure. "The real benefit," Stojkovic says, "is her connection to the community. It's good for the campus and the students and faculty."
As an example, in one of Kavanaugh's current projects, she's working with Milwaukee's United Community Center on school-based interventions for Latino youth caregivers. "I value research with a translatable component," she says. "How can it really, truly go back to the community?" And while continuing to move her research forward with every child she interviews, she remains connected to her past. "I can still close my eyes," Kavanaugh says, "and be that social worker doing a home visit, seeing the youth as a caregiver."
Kavanaugh often works with families of ALS patients.
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STORIES of AGE
MacArthur "genius" fellow Anne Basting reframes how we look at growing old.
B Y K U R T C H A N D L E R
Anne Basting has told the story before: How she was volunteering in a nursing home years ago and tried to get a roomful of residents to do memory exercises, to no avail. How, switching gears, she tore a photograph of the Marlboro man out of a magazine and asked the residents to give him a name. How they called him Fred, and how Fred morphed into Fred Astaire, and how they made up a story about Fred Astaire, laughing and singing and giving voice to their imaginations and idled memories.
Basting had just finished her doctoral dissertation on the representation of age in American theater. She returned week after week to the nursing home -"one of the bleakest I've ever been in," she recalls -and ran the same exercise using different pictures. Each time, she got the same enthusiastic responses.
She was on to something. Now, the Peck School of the Arts theater professor has taken her simple idea to new heights. Using visual prompts to elicit creative imaginings, the 51-yearold has helped people with Alzheimer's disease and dementia collectively tell stories, write plays and poetry, and stage performances in numerous care centers and arts venues.
She's documented the results of her creativeexpression programs, collecting mounds of data -notes, questionnaires, interviews, videos, photos -that she's turned into books about the intersection of arts programs and long-term care for people with dementia.
Using theater as the vehicle, she wanted to change the way older people thought about their own aging process. "I saw it as a positive way to reframe aging in this country," Basting says. "The assumption was that people become almost a reduction, to use a cooking metaphor, of their personality."
Ultimately, her goal was to find more humane and interactive ways to care for people with dementia, with the promise of one day reducing the use of now-abundantly prescribed antipsychotic medications.
In September 2016, word came that Basting had been awarded a MacArthur Fellowship, the very first for a UWM faculty member, the first for a Wisconsinite since Will Allen in 2008, and the first for a Wisconsin academic since 1999. The no-strings-attached $625,000 prize, often called a "genius grant," marked a nationally prestigious validation of her work.
"Basting has developed an alternative concept of aging," declared the MacArthur Foundation, "one that focuses on its possibilities as well as its challenges, and views sustained emotional connections as critical to our well-being as we age." It was Basting's early nursing home volunteerism that led to her breakthrough project, TimeSlips. She had chronicled her experiences with the residents and wanted to somehow share them. "They felt like treasure," she says.
In 1996, while teaching at UW-Oshkosh, she wrote and staged a play, titled TimeSlips, based on stories told by people with dementia. Over the next couple of years, she received several grants, including one from the Milwaukee-based Helen Bader Foundation, to replicate the storytelling process at four adult day centers, two in New York and two in the Milwaukee area.
The aim of creative storytelling is to replace the pressure to remember with the freedom to imagine, to inspire improvisational expressions in real time rather than attempt to draw out past memories.
"The social role of a storyteller is almost universally valued, and that is the role that people with dementia take on," she says. "It is understood that it has value, by the staff, by the family and by themselves."
Basting formed a nonprofit alliance, The Creative Trust, as a way to foster learning through art. In 2015, with funding from the Bader Foundation, the trust established the Student Artists in Residence program, or SAIR, as a service-learning component to the arts courses Basting taught.
SAIR students are placed at a range of Milwaukee-area community agencies. For the 2016-'17 school year, three are receiving room and board for arts programming at the Eastcastle Place, Chai Point and Luther Manor retirement communities. Two students are getting a stipend for working with Interfaith Older Adult Programs and St. John's on the Lake. And two other students received UWM research funds for a residency working with the Shorewood School District on diversity issues. In addition, through UWM's Center for Community-Based Learning, Leadership and Research, about 25 trained students lead TimeSlips storytelling workshops each semester at local care communities. TimeSlips, now a registered nonprofit, offers manuals and online training through its website. Joan Williamson, TimeSlips coordinator and master trainer, says it has trained more than 2,000 facilitators in 41 states and 12 countries.
TimeSlips benefits students, residents and a retirement home's culture, says Angie Crimmings, LifeStreams coordinator and student supervisor at St. John's on the Lake. She says the goal is to have every staff member and volunteer trained in TimeSlips.
"By doing this, we are giving the staff the tools to engage residents, to spark conversations and to develop relationships," Crimmings says. "So the need for medications related to behavior is reduced. Overall, this will provide better quality care."
On a Thursday afternoon, seven St. John's residents sit in a semicircle in a small but warm room, all facing a blank flipchart. Each has a cognitive disability -Alzheimer's disease, dementia -and some, but not all, seem to remember they've been here before.
Standing at the flipchart are three UWM student volunteers -Yvette Macias, a nursing student; Julia Stowe, a bioscience major; and Diego DominguezRamirez, a physics major. They will lead the seniors through a session of creative storytelling.
The students hand out copies of a photograph showing an outdoor table filled with baked goods. In the photo, one woman is slicing a piece of pie, while another woman is placing food onto a plate. Behind the women, a group of children and adults mill about.
"So," asks Julia, "what do you see in this picture?" "It looks like there's a huge number of people waiting to come and look, and there's lot of bake sale stuff," says one woman, the most outgoing of the bunch. Yvette writes her remarks on the flipchart.
"Must be a very formal neighborhood," says another woman, smiling slyly.
"Cheese and crackers and cake. And that looks like a ham," adds the woman, pointing to the photo in her lap. "And this could be a pie, upside down. There's a variety of homemade goods." "They look like Quakers," observes another woman, and the comments sail through the room.
"They bought a ticket for a party for lunch." "People with hats on, and I don't understand that." "It looks like a typical fundraiser for a school or a church." "It looks like they're waiting in line for their turn," says another woman, the shyest of the group.
Sitting in a wheelchair, one resident is visibly pleased by the activity. "Isn't that something."
The students pause and gather the group's attention. "OK," Julia says, "we're gonna give it a read and see what we have so far." As she reads, the residents' observations begin to form a story:
It looks like a bake sale. The brainstorming is repeated, twice, and as the story builds, remarks are proffered. The residents become animated, excited to be involved in this interactive process of story-making.
After the session, the students will transcribe the comments, share them with the residents, then submit the narratives to a St. John's supervisor, who will distribute the stories more widely, in books, for example, or newsletters. St. John's holds a celebration every spring to showcase the TimeSlips stories and other creative-engagement projects.
"The possibilities are limitless," says Williamson, the TimeSlips coordinator. She shares how a couple of years ago, St. John's residents were asked to create art from their stories. An exhibit was staged and the public was invited, along with families, staff and volunteers. "The residents were still talking about it nearly a year later."
Several media outlets and research publications have focused on the TimeSlips program -from the journal The Gerontologist to NBC's "Today" show. In December 2016, an Associated Press report augmented its coverage with video from a TimeSlips session in Japan. The MacArthur Foundation grant brought a new wave of interest, but Basting's work was already well-known.
In the first study to use qualitative methods to gauge how memory-care residents and staff may benefit, Penn State College of Medicine researchers published a 2014 report in the American Journal of Alzheimer's Disease & Other Dementias. Comparing two dementia care units in a Pennsylvania retirement community, researchers observed 10 participants in two one-hour TimeSlips sessions per week for six weeks. There was also a control group of 10 residents who received standard-of-care programming. Participating residents and staff members were interviewed. The study found no significant statistical differences between the groups in mood, symptoms or prescribed use of psychotropic drugs. Yet themes emerged from the data that indicated benefits for residents, staff and the nursing home community in general: increased creativity, improved quality of life, positively altered behavior and involvement in meaningful activities.
"Staff members frequently noted a sense of anticipation, liveliness, laughter, and fun in the residents," the report notes of the TimeSlips group. "As one staffer said, 'It surprised me how awake and involved people became.'"
The study recommended larger trials of longer duration to confirm whether programs such as TimeSlips "can, over time, improve relationships between residents and care staff, reduce the usage of antipsychotic drugs that carry significant risks, improve quality of life, and lower the cost of long-term care."
Basting is convinced the TimeSlips method could indeed act as a substitute for certain meds -antidepressants, for example. She's not convinced a longitudinal study will prove that, or is even necessary.
"The expectation of that kind of research for these types of creative interventions is mislaid," she says. "When the pressure is for large-scale, double-blind, randomized-control test studies -which are perfect for pharmaceuticals but not perfect for nuanced, complicated relationship-building -then people want to know the dosage, how many times a week do we have to do a creative storytelling session. And I'm like, 'You're just missing the point. ' "What we are doing is reducing the toxicity of the care environment," she says. "Overall, we are creating an enriched, supportive care environment, so you don't have expressions of psychological or physical pain that manifest themselves in chronic problem behavior. The treatment for that is antipsychotics -to dull people into submission."
Basting's TimeSlips method diverged into several other projects on the heels of its eponymous 1996 play. Arriving at UWM in 2003 as an instructor and founder of the university's Center for Age and Community, she wrote a resource guide, "The Arts and Dementia Care," and a play based loosely on her relationship with her mother, titled "Unraveling Alice." Her 2009 book, "Forget Memory: Creating Better Lives for People with Dementia," was based on her TimeSlips practices and received critical acclaim.
In one of her most ambitious projects, Basting and her students collaborated with the nationally renowned Sojourn Theatre, as well as residents and staff of Luther Manor, to create a multimedia performance, "Finding Penelope." Written by Basting, set in several of the nursing home's public spaces, and constructed from storytelling exercises by the residents, the play was performed by professional actors as well as Luther Manor staff and residents.
"Finding Penelope" is a retelling of Homer's "Odyssey" from the perspective of Penelope, queen of Ithaca and steadfast wife of Odysseus. When the philandering Odysseus returns home after 20 years, Penelope cannot be found. Odysseus finally discovers her in a long-term care center. She doesn't recognize him at first. But Odysseus and Penelope, who is represented on stage by a chorus of Luther Manor residents, eventually reunite.
A two-year project that was staged in March 2011, the performance was made into a documentary, produced by filmmaker Brad Lichtenstein, Basting's husband. A book, "The Penelope Project," followed, analyzing the process and evaluating the project's impact using collected datainterviews, blog entries, emails, focus group transcripts, surveys, photographs, video and film recordings, and other artifacts.
"I think the greatest thing that I learned," one resident said, "was to use my imagination and let my imagination fly."
TimeSlips continues to replicate its storytelling model.
It recently received a state contract to train facilitators in the creative community method of care in 50 Wisconsin nursing homes.
"We're going to apply each year and do 50 each year until we run out of nursing homes," Basting says. "We're transforming places -ones locked in a medical model -into cultural centers. They're becoming places of meaning-making."
With her MacArthur grant as a financial buffer, she'll set aside money for her two sons' college education and shore up her retirement fund.
And perhaps slow down, contemplate an early retirement? No," she says, decidedly. "I am going to buy a banjo, though." She explains how she's hatching a project to incorporate Appalachian music and storytelling techniques into 60 care communities in eastern Kentucky and Tennessee. "I'm writing grants right now for that," she says. "So it's a perfect time to learn how to play the banjo."
In a tiny village just outside Dakar, Senegal, people wonder if the 8-year-old girl who won't talk and avoids eye contact is bewitched.
In a Milwaukee high school, administrators think the student who routinely leaves the classroom without permission is a behavior problem and should be disciplined.
But special education professor Elizabeth Drame sees these children differently. She's conducted more than a decade's worth of research and interviews with parents, teachers and advocates for children who come into classrooms with diagnoses such as autism, emotional/ behavioral disorders and learning disabilities.
She has worked to address the special education needs of these children in Milwaukee, Kenya, New Orleans, Ghana and Senegal, focusing on black communities. She's done so collaboratively, sometimes while embedded in a parent group or overseeing a large community project. It's complex work, but Drame believes she's identified one facet that helps all children prepare for a productive life: inclusion.
In evening courses with her special education students -many of whom are already classroom teachers -Drame challenges long-held assumptions and biases regarding children who have special needs. "It's beneficial to all of us to see lives and circumstances not as 'normal' or 'abnormal,'" Drame says, "but to understand that there are different ways of being. If seeing differences among us becomes normal, then inclusion of all will become normalized."
Drame was named
a Fulbright Senior Research Scholar in 2011, then relocated her research and two school-age children from Milwaukee to Dakar, Senegal. There, her research projects included the evaluation of education centers for children with disabilities. She noticed that autism seemed particularly challenging for educators and families.
"The teachers and administrators were telling me: 'We don't know how to understand the way these children are, or what to do with them. We don't know how to talk to families about the fact that their children are not bewitched.'"
Her observations supported findings from the African Child Policy Forum: The continent faces a shortage of trained and special education certified therapists, physicians and educators. Rehabilitative services that are provided weekly in the United States might happen only two or three times a year in Dakar.
Services in the U.S. are more accessible, Drame notes, but barriers still exist, particularly in urban communities. For the one in 68 American children who have autism, diagnoses can be made as early as age 2 or 3. But Drame says children of color might not receive an accurate diagnosis until much later.
"If you operate from the assumption that black families are disorganized and come from violent communities, and are full of all the different things that are going to impact the child's language and development," she explains, "then we can see medical professionals leaping to an assumption She's prioritized working with families of color because they are often shut out of policymaking and advocacy efforts. She takes their concerns personally, and they're a big reason she helped resurrect the now-annual Milwaukee Urban Autism Summit in 2014.
Twenty-five years
ago, Emily Levine consulted experts from Milwaukee to Chicago looking for autism answers on behalf of her son. Now, she directs the Autism Society of Southeastern Wisconsin. Many Milwaukee parents the society serves can't take a day off work, drive very far for consultations or pay for a second opinion. The autism summit is for them.
"Instead of having a PowerPoint format by a lecturer," Levine says, "we're having an interactive discussion that's panel-driven. We're using the lived experiences of people in the community to support each other."
Drame also teaches the nuanced intersection of behavior, race and culture to students like Jonathan Arens. A first-year special education teacher in Milwaukee, he works with high school sophomores diagnosed with emotional/behavioral disorders -EBD, for short -and other health impairment, or OHI.
The EBD diagnosis is applied to children whose behavior or emotional responses deviate from established norms, which affects their ability to meet expected classroom standards and behavior. OHI describes someone who doesn't fully respond to environmental stimuli, possibly due to another health condition like asthma or attention deficit disorder. Both conditions prompt teachers and administrators to create an individualized education program, or IEP, a complex legal document that identifies a child's learning needs and spells out how those needs will be met.
For Arens, Drame's Behavioral Supports evening class at UWM is a place to sift through the delicate demands of his brand-new career.
"EBD is a controversial diagnosis because it's predominantly given to African-American boys. You have to wonder how that's decided," he says. "Dr. Drame's class provides really good cultural context -you need context for everything you do as an educator -for understanding what services these students need to succeed."
Arens is paired with a regular teacher who writes and teaches the lessons, while Arens makes sure all students' IEPs are precisely followed. After two semesters with Drame, Arens knows well her most important advice for special educators: "Behavior is a form of communication."
It reminds him of a student who frequently leaves class without permission and is widely considered a "behavior problem." Arens stepped back from the labeling and, over several months, analyzed the child's behavior pattern, which was rooted in being teased about reading difficulties. Once the communication within the behavior was found, Arens developed a plan to provide resources that would improve the student's reading.
Maybe that child will never read easily. Perhaps the child will stop formal schooling after receiving a high school diploma. But Drame insists on viewing children who have disabilities through a wider lens.
"A child with autism, or who is described as EBD or OHI, doesn't need to have their dignity and worth limited by what is considered normal," Drame says. "They need to be accepted and appreciated as human beings with an exceptional gift. Whether it's a great singing voice or an aptitude for programming, every child has a gift within them that can enrich our community and society." Paul Roebber sat on the New Jersey beach, looked out at the ocean and let his mind wander. "I started thinking about sharks hunting for prey," the meteorologist says, "and about predicting dynamic systems in nature."
It reminded him how computers let scientists simulate complex systems, such as predator-prey interactions. Weather forecasters, too, rely on statistical models to find and sort patterns in large amounts of data. Still, the weather remains stubbornly difficult to predict.
Roebber has a history of making it less stubborn. He's a leader in bringing new approaches to meteorology, and his research has changed how experts around the world forecast weather. Often, his innovations come from adapting something that has nothing to do with meteorology. And in the summer of 2016, that Jersey Shore reverie about sharks was sparking another one.
Forecasters use "ensemble" models, which average many different weather models, to create more accurate predictions. Roebber wondered if a mathematical equivalent of Charles Darwin's evolution theory might get more out of ensemble forecasting, and do so without requiring additional data, which can be expensive to gather.
He devised a method in which one computer program sorts 10,000 other ones, improving itself with strategies that mimic nature, such as heredity, mutation and natural selection. "This was just a pie-inthe-sky idea at first," says Roebber, a UWM distinguished professor of atmospheric sciences, who had considered it as far back as 2010. "Now, in the last year, I've gotten $500,000 of funding behind it."
This latest forecasting method outperforms the models used by the Paul Roebber can't change the weather, but he's still revolutionizing how it's predicted.
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uwm.edu/uwmresearch National Weather Service. And when compared to standard weather prediction modeling, Roebber's evolutionary methodology performs particularly well on longer-range forecasts and extreme events, when an accurate forecast is needed the most. The importance of meteorology goes far beyond advising people to pack an umbrella for work or send the kids to school in warmer clothes. About 40 percent of the U.S. economy is somehow dependent on weather prediction. Even a small improvement in the accuracy of a forecast could save millions of dollars annually for industries like shippers, utilities and agribusiness.
It's not the first time Roebber has been involved in breakthrough work. In 2007, he launched Innovative Weather, which provides custom weather-related services to clients such as We Energies, the Milwaukee Brewers and the Lake Express ferry. Now in his 22nd year at UWM, he credits natural curiosity and a persistent personality with framing not only his prominent career, but also carrying him through a personal battle with cancer.
Chaos
Weather forecasting models are far from perfect because complete and exact data is impossible to get. "When we measure the current state of the atmosphere, we are not measuring every point in three-dimensional space," Roebber says. "We're interpolating what happens in the in-between."
Turns out, nature's state of high uncertainty is something you can't just ignore. Its role was first identified in the 1960s by Edward Lorenz, an MIT meteorologist and mathematician.
Lorenz found that when he inadvertently shortened a number with six decimal places to three, the tiny error resulted in unexpected changes to the forecasts.
Roebber explains this concept in terms of narrowly missing a bus. Even though you miss it by only 60 seconds, you still must wait a full 15 minutes before the bus comes around again. Once that 60-second delay becomes 15 minutes, perhaps you to miss an important meeting. While absent, you're assigned a task that requires weeks of your time. Small errors cascade into big consequences.
Lorenz's discovery, called the "Butterfly Effect," became the founding principle of chaos theory, which first acknowledged the overlooked role of apparent randomness in predicting nature. For meteorologists, it meant that obtaining a perfect weather prediction was impossible, especially in the long term.
Interestingly, as a graduate student at MIT in the early 1980s, Roebber took a chaos theory course with Lorenz that proved to be his most difficult class there. It underscored the importance of time spent seeking better forecasts, even though a perfect forecast is unattainable. In meteorology, he says, an incremental gain in accuracy -perhaps only 1 degree Fahrenheit in a longer-range forecast -has a cumulative economic impact.
Snow
In college, Roebber reveled in the interdisciplinary aspects of meteorology. "For me," he says, "creativity comes from being open to broad interests."
For example, after reading about the architecture of artificial intelligence, he was inspired to improve how meteorologists predict snow amounts. Such predictions had been particularly challenging because forecasters had no way to know the snow ratio -the amount of water contained in each inch of snow.
That ratio varied widely, so you never knew if you were going to get heavy, wet snow or the light, fluffy kind. The best forecasters could do was predict a large range of inches, which could mean the difference between a fairly minor nuisance and a major plow event.
Roebber built simulations that were organized like networks of neurons in the brain: The computer programs formed a system of interconnected processing units that could be activated or deactivated. This artificial neural networks tool proved especially proficient at predicting scenarios with large data gaps and reams of variables. And it significantly advanced snowfall prediction efforts.
"Paul crosses discipline boundaries like citizens of the EU cross national borders," says Lance Bosart, a distinguished professor of atmospheric science at the State University of New York in Albany.
Bosart is so respected among his peers that the 2017 American Meteorology Society's annual meeting held a symposium in his name. He also happened to oversee Roebber's postdoctoral work. "He was in the absolute forefront," Bosart says, "of using neural networks to improve weather forecasting 10 years ago." Roebber's creative drive isn't surprising when you consider his upbringing in a family of intellectuals. The son of a A small improvement in the accuracy of a forecast could save millions of dollars.
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uwm.edu/uwmresearch chemistry professor at Northeastern University in Boston, Roebber remembers the PBS program "Nova" as a TV staple in the household. By the time he finished high school, he knew he wanted to pursue the physical sciences in college.
During his graduate years at MIT, he studied explosive cyclones, like the one in the film "The Perfect Storm." The resulting thesis continues to be Roebber's most-cited publication by other atmospheric science researchers.
Evolving
With his latest research, Roebber is taking another brick out of the wall between forecasters and accuracy: the flaws inherent in ensemble modeling.
Lacking the addition of new data, models used in a group tend to agree with one another rather than the actual weather. In other words, the information in each model is often too similar, and in the absence of more diversity, it's hard to distinguish relevant variables from irrelevant oneswhat statistician Nate Silver calls the "signal" and the "noise." Roebber's solution applies Darwinian evolution principles.
In nature, species diversity foils the possibility of one threat destroying an entire population at once. Darwin observed this in a population of Galapagos Islands finches in 1835. The birds divided into smaller groups, each residing in different locations around the islands. Over time, they adapted to their specific habitat, making each group distinct from the others.
Roebber decided to use evolution to engineer more variation in forecasting models. He began by subdividing the variables into conditional scenarios: The value of a variable would be set one way under one condition, but be set differently under another condition.
The computer program then picks out the variables that best accomplished the stated goal and recombines them, and does so in meteorological "niches," just as the finches did in their Galapagos niches. The offspring models have the most successful traits.
"We dig deeper into the data by configuring the variables in a different way," Roebber says. "One difference between this and biology is, I wanted to force the next generation to be better in some absolute sense, not just survive."
He is already using the technique to forecast minimum and maximum temperatures for seven days out. And the evolutionary computer program does as well or better than the most skilled human expert forecasts.
In a 2010 paper, Roebber calculated $2 million in potential annual savings for Ohio electric utilities if they'd substitute this evolutionary method for ensemble forecasts.
Innovation
Being prepared and saving money was the idea behind launching Innovative Weather in 2007. The forecasting group, manned by Roebber, meteorologist Mike Westendorf and a team of skilled student interns, provides a 24/7 service of customized forecasts for a dozen-plus clients. It helps the Brewers decide when to close Miller Park's roof, Lake Express prepare for rough sailings and We Energies handle Wisconsin's worst winter storms.
"When you forecast for clients with specific needs, it's more intense than general forecasting," says Westendorf, Innovative Weather's director. "There are thousands of dollars on the line for these clients who need to ensure that their resources are available at the time they are needed."
Savings come from averting damage to infrastructure, but also from managing staff more efficiently. Too few on duty during bad weather, and customers are left longer without power longer. Too many working adds up to wasted labor costs, especially on weekends and holidays.
"With Innovative Weather, we now receive a range of potential weather scenarios, but also have a realistic idea of the potential severity of an event," says Duane Miller, manager of gas and electric distribution at We Energies, which calls on the service 15 to 20 times a year.
Roebber has developed several predictive tools that set Innovative Weather apart. It was the first to adopt his method of predicting snow in inches. Consulting with We Energies, he also created a lightning-strike detector and a method to identify storms that are likely to cause a power outage.
Innovative Weather's successful launch was one of Roebber's career highlights. But it also marked the start of his most trying personal saga. Because soon afterward, he was diagnosed with Stage 4 colon cancer, and it had already spread to his liver.
Ever the mathematician, he remembers a most daunting statistic: "My five-year survival rate was 7 percent, I was told."
Between 2007 and 2012, he underwent a dozen surgeries and survived three near-fatal complications from pulmonary emboli. Throughout several rounds of chemotherapy, he kept teaching his courses to avoid imposing on colleagues. And the experience changed how he views his professional accomplishments.
"My research has always been important to me," Roebber says. "But when I was sick, I thought about the impact I've had on my students. To me, that's the lasting contribution I give." Student success and research intertwine in Roebber's world. Once, after disagreeing with someone else's list of traits that are most predictive of grad school student success, Roebber mathematically modeled the question and found a more inclusive set of indicators.
In fact, a main goal in creating Innovative Weather was to offer students paid internship experiences in a field where few are available. It allows both undergraduate and graduate students the chance to be involved in applied research while working with businesses.
In the middle of 2012, Roebber was declared cancer-free. Now, nearly five years later, he couldn't resist redoing the survival math. He puts the conditional probability of living for the next five years at 91 percent. For the general public, it's 93. 
B Y L A U R A L . O T T O
The most common treatments for asthma, which is the most prevalent chronic childhood disease, require an inhaler. But a big problem with inhalers, used to deliver steroids and other drugs in an aerosol form, is that children often don't operate them properly. Parents also worry about side effects from their children's long-term use of steroids. Now, a team of scientists, including three from UWM, is poised to dramatically change how physicians treat asthma. They're developing a drug that would replace steroids as the therapeutic agent, reducing side effects and making treatment as simple as swallowing a pill.
"We would revolutionize the field if we could replace the inhaler," says Douglas Stafford, director of UWM's Milwaukee Institute for Drug Discovery, or MIDD. "These are critical design factors that are just as important as drug efficacy."
Launched in 2011, the MIDD's dual goals are to advance basic science and develop new pharmaceuticals. The institute encompasses the labs of a dozen UWM faculty members as well as the Shimadzu Laboratory for Advanced and Applied Analytical Chemistry. Among the Shimadzu lab's impressive suite of instruments are six state-ofthe-art mass spectrometers. The workhorses of new drug development, these machines allow researchers to identify individual compounds and track their distribution in a biological sample.
Fueled by a $2 million grant from the National Institutes of Health, five researchers are trying to make the inhaler obsolete. They're redesigning a drug compound first created by UWM's James Cook to calm anxiety without dangerous side effects.
Cook, distinguished professor of chemistry, is one of UWM's most prolific inventors. Specializing in natural products, he holds 47 patents or patent applications for drug compounds. More than half are through the UWM Research Foundation, and his body of work is a cornerstone of MIDD research.
The asthma project redirects Cook's central nervous system-oriented work to an entirely different part of the body. "That's the value of the MIDD," Stafford says. "It brings together interdisciplinary teams with an eye toward products that can improve people's lives."
More than a dozen collaborators from other institutions are teaming with UWM faculty on drug discovery initiatives aimed at cancer, chronic pain and much more. At least a dozen other groups, including companies such as PhysioGenix and Eurofins, have come to the MIDD for analytical chemistry support on their own projects.
That's how the asthma project began -with a simple email. Dr. Charles Emala, a Columbia University Medical Center anesthesiologist, wanted to use Cook's compounds in some research on lung physiology. The experiments weren't originally intended for finding an asthma treatment, but his findings led down that path.
Over the years, Cook had created a vast library of compounds that tame anxiety, and do so without the threat of sedation or dependence that comes from drugs like Valium and Xanax. The compounds act on a neurotransmitter -a substance that regulates communication among brain cells.
There are dozens of neurotransmitters, and the one that many of Cook's compounds targeted -called gamma-aminobutyric acid, or GABA -suppresses brain activity. Taking advantage of this effect, sedatives and antiseizure drugs do their jobs by enhancing GABA through one or more of its receptors.
Emala had discovered that GABA receptors exist in the lungs. Was it possible to harness those receptors to relax the smooth muscles in the airways of the lungs?
The idea made sense to Stafford. As an immunologist, he's well-acquainted with the problems of inflammation, a runaway immune response that underlies a host of maladies from asthma to arthritis.
Cook's GABA-based compound library immediately came to mind. "Emala's email was like a Christmas present," Cook says. "In 2008, our lab had made compounds that might work for this purpose. But lacking biology, they were just put on a shelf."
The asthma project is halfway into a four-year grant, and the UWM Research Foundation has filed three patents on the work so far. It's just one example of the MIDD's ambitions and potential.
In the lab
The Shimadzu lab, opened in 2014, has put UWM in the drug development game, Stafford says. Under the direction of Shama Mirza, who's also an assistant professor of biochemistry, the lab gives researchers tools to advance further in the testing process, answer new questions and work with companies that could eventually bring new drugs to market.
Creating and redesigning chemical compounds is a job tailor-made for mass spectrometry. It allows scientists to dismantle molecules and learn their structure by examining their mass and charge.
The applications are far-ranging, from identifying trace amounts of a contaminant in the environment to revealing the elements contained on planetary surfaces.
In drug discovery, a promising compound must have both a biological target -a protein or cellular process that's involved in the disease -and a molecule engineered to interact with the target in a certain way. Deciding upon the latter often involves sifting through libraries of premade molecules to see which keys will fit a specific lock.
Mass spectrometry is essential to finding both lock and key. It also reveals where a compound ultimately goes once it enters the body, how fast it is metabolized and is cleared from the body, what amount achieves the desired effect, and how a compound changes when it breaks down in the body.
The further you can go in the process and the more promising it is, Stafford says, the more likely a pharmaceutical company is to license it.
In addition to finding medications that help people, the basic science done while searching for new drugs has an oft-overlooked result: a better understanding of how the body works.
"We want to come up with a drug, but we also want to understand the disease we are studying," 
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10 -15 Years = ONE FDA-APPROVED DRUG 6 -7 years 1 -2 years spectrometry, we are making these small molecules that can probe these biological questions. We can find out what is happening in the body." For university researchers, it's relatively rare to have intellectual property licensed by a company. Getting a product all the way to the marketplace is an even longer shot.
Taking a potential drug from the lab bench to the customer usually requires 10 to 15 years and more than a billion dollars of investment. The failure rate along that path is high, with only about 5 percent of candidates reaching your neighborhood pharmacy.
To manage risk, drug companies are relying more and more on academic researchers to conduct the early stages of drug discovery. UWM is a member of the Academic Drug Discovery Consortium, an organization launched in 2012 that coordinates activities among 115 such centers in the United States and nine other countries.
And the MIDD's work has already resulted in a license. It's for a compound produced by Arnold to treat ovarian cancer, a lethal disease that often becomes resistant to chemotherapy drugs. Medical consulting group Systems Oncology has an exclusive agreement with the UWM Research Foundation, which manages the patent on Arnold's work, to pursue commercializing the compound.
New ways to fight cancer
Arnold has always been fascinated by products the body makes -like calcium and vitamin D -as therapeutic targets. Although they're known for their roles in bone health, vitamin D and calcium do much more.
Arnold has created compounds that harness the "master regulator" of calcium in the body -the vitamin D receptor, or VDR. Activated by metabolic products of vitamin D, the VDR gives instructions to genes for proper cell growth and differentiation, making it a target for slowing the growth of cancer cells.
"Many women know the drug tamoxifen as a savior in the fight against breast cancer," Arnold says. "That drug's action is mediated by the estrogen receptor, a close relative of VDR. Initial studies suggest that new drug candidates that bind the VDR can help to fight other cancers."
In fact, several new anti-cancer drugs in clinical trials are based on vitamin D, but a downside is they might disrupt vital calcium levels over time. Arnold's compounds alter the VDR's action selectively, so the drugs can work and not interfere with the calcium regulation needed for normal health.
Another MIDD cancer drug project began with the goal of giving physicians a tool to help decide the best treatment for an aggressive brain cancer. Now the research has produced a drug candidate that is nearly ready for human trials. Glioblastoma is a death sentence. There is no cure, and less than 10 percent of people diagnosed with it will live for five years. Of those who die before five years, many develop a resistance to the treatment, and their tumors reappear more aggressively than before.
Shama Mirza came to UWM in 2016, but she first encountered the disease while working at the Medical College of Wisconsin. There, she was on a team that supported oncologists as they treated patients. She learned that glioblastoma patients fall into two categories: those who develop a resistance to chemotherapy or radiation therapy and don't survive very long, and those who are not resistant and live longer.
"Knowing who would benefit from the therapies and who would not -that is the guessing game we are playing now," Mirza says. She and her colleagues began looking for a biomarker, a protein that would predict the survival category of glioblastoma patients. "Proteins are the ultimate drug targets because they are responsible for so many life processes," Mirza says.
The protein they ultimately found is also involved in the cancer's growth. That presented a chance to seek a better treatment option -a drug that would block the protein, something current treatment does not do effectively.
Mirza and a colleague hit pay dirt by finding an existing compound that inhibits the targeted protein. The compound is already used in other countries to treat a different kind of cancer.
"If the results of human trials agree with our current findings," Mirza says, "it's going to be huge for these patients."
The pain paradox
The annual cost of chronic pain in the U.S. is estimated at $100 billion, which accounts for health care expenses, and lost income and productivity.
At the same time, the U.S. is experiencing an opioid abuse epidemic. More Americans died of a drug overdose in 2015 than any other year on record -and more than half of those deaths involved opioids, according to the Centers for Disease Control and Prevention.
So, is it possible to pharmaceutically manage real pain while also curbing the abuse of opioids? Supported by the NIH, Cook and Arnold are seeking an answer. They're developing a non-opiate medication for pain by pursuing the same approach used in the asthma pill project.
Pain drugs like oxycodone, hydrocodone and morphine work by targeting opioid receptors, increasing the flow of the neurotransmitter dopamine, which stimulates the brain's pleasure center. But with long-term abuse, opioid receptors compensate by limiting dopamine, so users must take more of the drug to maintain the same level of "high."
Cook and Arnold are seeking a drug that manages pain as effectively as opioids, but without the risk of addiction. They are targeting the GABA receptors instead of opioid receptors, thereby replacing dopamine as the therapeutic agent and using GABA's capacity to calm the sensation of pain. Opioids and benzodiazepines like Xanax cause addiction in similar ways. And Cook had originally designed his anti-anxiety compounds to selectively target GABA receptors, thus getting around the problem of sedation and dependence in benzodiazepines.
In 2006, pharmaceutical giant Bristol-Myers Squibb licensed a family of Cook's anti-anxiety compounds with the intention of putting a new medication on the market. In human trials, however, the company learned that the compounds didn't remain in the body long enough, so the project was dropped.
Today, Cook's lab has modified the chemical structure to improve its half-life, and the compounds are again available for licensing through the UWM Research Foundation.
As UWM's non-opioid drug project progresses, researchers may encounter different side effects associated with GABA agents, Cook says -the loss of muscle coordination, for instance. Or they may just develop a new generation of pain medication with no side effects at all.
Time and testing will tell.
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n 2015, the Wisconsin Legislature increased the speed limit from 65 to 70 mph on hundreds of miles of interstate highways. That same year, statewide fatalities attributed to vehicle crashes jumped to 566, up from 506 in 2014, the first significant increase in decades. At first glance, it seems like a simple case of cause and effect.
But much like driving in bad weather, the answer is … not so fast. Funded by state and federal grants, Yue "Troy" Liu and Xiao (pronounced "Shaw") Qin are researching ways to better understand and manage traffic. The College of Engineering and Applied Science associate professors pore over data pulled from roadside sensors, mobile phones and simple police crash reports, all with the goal of making driving safer, be it in a construction zone or on the open road.
"Crashes can be caused by a variety of reasons," explains Qin, who's studying the issue for the Wisconsin Department of Transportation. He thinks a main reason for the 2015 increase in traffic fatalities is that the number in 2014 was so low.
In fact, he says, the number of fatalities had fallen so far since the end of World War II that an increase might well have been expected. "Basically," he says, "when you hit rock bottom, there's nowhere to go but up."
He believes the decline in those years can be attributed to technology, in a variety of ways.
"We have better vehicle technology -smarter cars with better safety equipment that's more affordable," Qin says. The roads themselves are safer, too, and there is greater enforcement of traffic laws. He also notes that first responders and other emergency medical staff are more skilled than ever, meaning some serious injuries are less likely to become fatalities.
As of now, there remains no clear verdict on how higher speed limits affected traffic fatalities. "It's controversial," Qin says. "Speeding has been a problem for a long time. And speed plays a significant role in injury severity. But there's no clear evidence that raising the speed limit will lead to more crashes." His work is aided by collecting better crash-related data, which allows for better models to determine statistically significant crash factors. Law enforcement authorities are revising the MV4000 form used to document crash sites. "And now," Qin says, "we're expanding our analysis to include more human factors -driver behavior, law enforcement effort and even socioeconomic status of the drivers."
The socioeconomic data helps determine if there's an association with better safety, even if it's not a direct correlation. "The families with a higher income can afford new cars, better cars, safer cars," Qin says. "And their communities may be able to build better roadways with better pavement conditions."
Liu's work, focused on improving traffic safety and efficiency related to road construction zones, is also bolstered by advances in data collection.
He's been awarded a federally funded $1.56 million grant to help create the next generation of work zone management. Governments develop transportation management plans to guide drivers through construction zones, and currently, they do so the way it's always been done -manually. "That means people base it on their theories," Liu says. "But we have a lot more useful data, and we can take advantage of the data that's available."
In Wisconsin, Liu explains, the state collects data about traffic conditions from thousands of sensors and cameras along highways. "It's easy for them to streamline the data into their server. And then we have access to this data, so we can do our research to improve traffic management."
We also carry advanced sensors in our cars, even if we don't realize it. "A lot of us are using smartphones," Liu says, "and sometimes, their location data -their trajectories -will be recorded. So, we can understand their behavior, their travel patterns and the travel time they spend on the roads."
All of this helps inform better design for highways and better traffic management, and there's a lot at stake from using that data. Large cities like Washington, D.C., can have 700 to 800 construction zones per year. "It's pretty important to have a very good system to try to schedule those projects so that we can minimize their impact on the overall [traffic] network," Liu says. He's helped the D.C. Department of Transportation implement such a system, and it could be adapted to other congested places, like Chicago -or Milwaukee. A comforting thought the next time you see a "Detour Ahead" sign. He's reinventing how we think of concrete, and Konstantin Sobolev's creations could make potholes disappear.
B Y L A U R A L . O T T O
Water is concrete's ultimate enemy. Although concrete withstands constant beatings from cars and trucks, water can break it down, pooling on its surface and infiltrating the tiniest cracks. Add freezing and thawing cycles, and it's no wonder roads need frequent repairs.
To keep Mother Nature out, researcher Konstantin Sobolev has created a water-repelling concrete. When he pours water over it, the liquid beads up on contact, forming almost perfect spheres that rush off the hard surface.
Besides this water-resistant variety, the UWM professor of civil engineering has made other high-performance concrete composites. Unlike ordinary concrete, Sobolev's composites are designed to flex, making them ultimately stronger, and some even combat air pollution.
Most importantly, his materials are designed to last. Some of his creations have such a high level of "crack control" that their service life is pegged at 120 years.
That's a massive improvement over the average life span of Wisconsin roads, which falls in the 40-or 50-year range. The difference matters for reinforced bridge decks, too, considering 10 percent of them must be replaced after 30 years.
Sobolev's main weapon against water is called "superhydrophobic engineered cementitious composite," which may sound complex but has the simple goal of fighting moisture in two ways.
Sobolev makes this composite and others in his lab at the College of Engineering and Applied Science. A nanoadditive changes the concrete on a molecular level when the pavement hardens, resulting in a spiky surface at the microscopic level. This causes water to bead up and roll off, much as droplets do on tiny hairs covering the leaves of some plants.
PAVED with GOOD PREVENTION
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In another water-control method, millions of tiny bubbles containing air and siloxane oil are blended throughout the material. When cracking occurs, the bubbles break open, releasing the oil and keeping water from saturating the concrete.
Neither method completely waterproofs the concrete. But Sobolev combines them with a fiber reinforcement strategy that eliminates the source of large cracks and addresses the brittleness inherent in high-strength concrete.
Super-strong polyvinyl alcohol fibers or high-density polyethylene fibers, each the width of a human hair, are mixed into the concrete and bond with it. When cracks begin, the fibers prevent them from opening and becoming larger gaps.
In fact, Sobolev isn't trying to eliminate cracking. He wants to direct the process in a preferred way, resulting in evenly distributed microcracking. This disperses the load so that tiny cracks remain small while the material's superhydrophobic features form a water barrier.
This architecture, Sobolev says, allows the material to withstand four times the compression of traditional concrete and have 200 times the ductility, or flexibility under stress.
"These are complicated materials, and making them is not as simple as adding something to the concrete mixture," says Sobolev, the son of a concrete engineering professor. "The addition of fibers offers only a little improvement.
"What we had to do was chemically change the material's behavior so that extended deformation actually improves strength."
Sobolev's water-resistant composites have generated lots of attention since a 2014 story appeared in the online technology magazine Gizmodo. But he's also developing a pervious concrete that allows water to pass right through it and soak into the ground below. It's an ice-prevention strategy that also has great potential for use in green infrastructure.
Urban areas are increasingly interested in green solutions for stormwater management while they replace their aging infrastructure. This presents a business opportunity, says Nicholas Passint, a product and business development engineer in Spancrete's equipment division. The company, based in Waukesha, Wisconsin, supplies precast concrete for buildings and highways.
Spancrete has been independently researching and developing products that improve the durability of pervious pavement. A more durable pervious concrete is needed to control runoff from parking lots and sidewalks, which contributes to flooding and carries pollutants into lakes and rivers. Now Sobolev has proposed to enhance Spancrete's pervious concrete with an idea that will make it more green. "Parking lots are a perfect use for pervious concrete," he says. "So, what if that concrete composite could also help control air pollution caused by vehicles?"
He is creating a titanium dioxide-based catalyst that's added to the concrete mix. When sunshine hits the hardened pavement, it activates the catalyst, which then breaks down organic contaminants from the vehicle exhaust near the concrete.
The material is still in the testing and commercialization stage, Passint says, but it's packed with potential. "It could be used with traditional concrete applications to act in the same manner," he says.
It's exactly the kind of versatility Sobolev is going for. "When I think of new concrete," he says, "my focus is on unique properties and high performance, but I also like to see synergy." 
B Y S I L K E S C H M I D T
If you live east of the Rocky Mountains, you've probably encountered switchgrass, perhaps without even realizing it. A hardy perennial, the roadside and prairie grass is as ubiquitous as it is unassuming.
You may get to know it better soon, though. Switchgrass has been lauded as a promising source of biofuels with multiple advantages over current favored options, including corn. Genetically modifying switchgrass could boost crop yields and its commercial viability.
But to close in on realizing that potential requires one small tweak: a genetic sterility switch that prevents the modified grass from contaminating the genes of nearby unmodified grasses. Dazhong (Dave) Zhao, a UWM associate professor of biological sciences, hopes to build that switch.
Unlike fossil fuels, which consist of decomposed organic material buried underground for millions of years, biofuels are derived from plants grown today or from animal waste. Burning fossil fuels releases new carbon dioxide into our atmosphere and contributes to global warming, while biofuels emit only as much carbon dioxide as the plants absorbed during their lifetime.
Switchgrass is an attractive biofuel feedstock because it can grow on marginal lands of little agricultural value. It also requires less chemical fertilizer than corn, the dominant source of ethanol currently mixed into unleaded gasoline. "Grasses can grow anywhere and are not in competition with human food production," Zhao says.
In addition to being a low-input and fast-growing crop, switchgrass can survive for 10 years or more, while corn must be sown at the start of each growing season. Last but not least, switchgrass greatly reduces erosion by holding soil in place while providing habitat for birds, insects and other wildlife.
To make biofuel production more sustainable, Zhao and postdoctoral researcher Jian Huang are tackling the main obstacle keeping genetically modified switchgrass off the commercial market. It's the possibility that lab-engineered genes could escape human control by mixing with genes of wild-growing grasses, which might interrupt natural processes in unpredictable ways.
Br ac hy po di um di st ac hy on 
St ep 3
Polle n, via insec ts or the wind , is carri ed from the anth ers of one switc hgra ss plan t to the pistil of anot her plan t. Ther e, the polle n attac hes to the tip of the pistil and fertil izes the eggs belo w.
St ep 4
The fertil ized egg cell grow s into an emb ryo. The switc hgra ss seed cons ists of this emb ryo surro unde d by the rema ining cells in the ovule , whic h prov ide nutr ients to the emb ryo.
Ho w Zh ao 's ap pr oa ch wo uld pr ev en t it
Zhao prop oses using a fusio n gene to prev ent the meg aspo re and micr ospo re moth er cells from prod ucin g eggs and polle n. Both moth er cells requ ire the Solo Danc ers, or SDS, prot ein to do their jobs, and it's prod uced thro ugh the SDS gene . Zhao woul d merg e the SDS gene with a toxic genecalle d Barn ase -to creat e a new fusio n gene . So when a moth er cell activ ates the SDS gene to prod uce the prot ein, it also woul d relea se the toxic Barn ase prot ein, whic h kills the male and fema le moth er cells while leavi ng othe r plan t cells unha rmed . This mod ified switc hgra ss is steri le but will cont inue to grow and flowe r, allow ing it to be harv ested year after year for biofu el.
St ep 1
Whe n switc hgra ss start s to flowe r in the summ er, spec ialize d cells insid e the flowe r -calle d meg aspo re moth er cells -prod uce fema le egg cells , whic h are held in ovule s at the pistil 's base .
Genetically modified tomatoes were first approved for human consumption in 1994, but food crops are typically short-lived and tightly managed. Grasses are less domesticated and live a long time, heightening the concern about genetic contamination. "Completely eliminating both male and female fertility is the only fail-safe way to prevent gene flow," Zhao says.
Under current federal regulations, only genetically modified grasses that are absolutely sterile in the lab can enter field trials. That's where researchers determine whether sterility and other introduced properties can be maintained longterm in real-world conditions. Zhao hopes to create sterile switchgrass by introducing a fusion gene into its reproductive cells, using a harmless bacterium as a delivery vehicle. The fusion gene merges the Solo Dancers, or SDS, gene -an essential player in the reproduction of many plant species -with a toxic gene called Barnase.
"By combining the SDS and Barnase genes, we have created a new gene with very specific toxicity: It kills only the tissue that makes a plant's version of eggs and sperm," Zhao says. The new gene acts without affecting plant growth or flower development.
Zhao is testing this method in Brachypodium distachyon, a model grass very similar to switchgrass. He has already demonstrated that his fusion gene, for which he's filed a patent application, works well in tobacco and Arabidopsis, a flowering plant commonly used as the first test case for genetic modifications.
If the fusion gene works well in the model grass, Zhao plans to collaborate with USDA scientists on testing it in switchgrass. Success in the lab could lead to funding for field trials and eventual commercialization.
Zhao's work has been funded, in part, by a Bradley Foundation Catalyst Grant administered by the UWM Research Foundation. These support UWM projects with strong potential for commercialization.
cro ss-sec tion of sw itc hgr ass flow er Ho w sw it ch gr as s re pr od uc es in na tu re 43 uwm.edu/uwmresearch 42 The numbers are stark. Research shows that black infants across the United States are more than twice as likely as white infants to die in their first year, regardless of their parents' socioeconomic status. In Racine, the numbers have been bleaker. Black infants are three times likelier than white babies to die in their first year, according to statistics from 2014, the most recent available. And that's a big improvement over 2007, when Racine's black infants died 3.78 times more often than white infants, then the third-worst rate in the country.
To counter those dire statistics, College of Nursing associate professor Teresa Johnson teamed with Margaret Malnory, administrative director of women's and children's services at Racine's Wheaton Franciscan HealthcareAll Saints, part of Ascension. "It's always been a really strong drive, from the time I began as a staff nurse, to optimize outcomes for our sickest babies," Johnson says. birth before 37 weeks, compared with a 13.2 percent rate for those who had typical prenatal visits. And 81 percent of the CenteringPregnancy moms were breastfeeding their babies when they left the hospital, compared with the 67 percent rate among non-participating mothers. Many women are initially uncomfortable with the idea of breastfeeding. But as they learn about its health impact on babies and mothers, including a decreased risk of breast cancer, many decide to try it, Johnson says. Group discussions help normalize the practice.
Searching for answers
Why is infant mortality so high in Racine's African-American community? The problem is complex, and the causes are difficult to tease apart.
Previous research suggests that racism contributes to increased stress levels for African-Americans around the country. In Racine, such stress is compounded by poverty and high unemployment rates.
Chronic stress raises a mother's risk of preterm labor and other obstetric complications. "The fight-or-flight response causes your blood pressure to go up and decreases the blood flow to your vital organs," Johnson says, "while increasing cortisol and glucose levels."
If these changes become chronic, they can trigger early labor and premature birth, which are top contributing factors in deaths before age 1.
In CenteringPregnancy groups typically include eight to 12 women and are led by a physician such as Hartley or Dr. Tasha Johnson. The groups mirror the diversity of Racine, featuring a mix of white, African-American and Latina women ranging from teenagers to 40-somethings. Meetings start with quick, private exams for each woman, then move to group education on topics such as nutrition, labor and infant care.
Melissa Allison, 33, joined a CenteringPregnancy group at All Saints before the birth of her third child in 2015. "I thought, 'Why not be around other pregnant women who are all experiencing the same thing?'" she says. And 40-year-old Anna Huizar, who gave birth to her fourth child in 2016, liked the extra time with her obstetrician. "I could spend two hours with her instead of 15 minutes," she says.
Peer support
Hartley says the moms encourage each other to make healthy choices, such as exercising more or trying to breastfeed after birth. And friendships are made. Hartley has watched mothers offer each other jobs or places to live.
The camaraderie doesn't end with the pregnancies. Allison was excited to meet babies from the group, and several moms still get together for outings, sharing their latest baby photos.
This easing of social isolation, Teresa Johnson says, is a main benefit of CenteringPregnancy. "A lot of people are far from their family or do not have family that can provide the support," she says.
Malnory says she values Johnson's expertise as both a nurse and researcher, particularly in developing practice guidelines to care for babies in All Saints' neonatal intensive care unit, or NICU.
Johnson recommended updates in how the NICU tracks the growth of preemies. She also helped initiate the NICU's encouragement that mothers pump breast milk within hours of delivery. The milk helps protect infants from life-threatening infections.
It's all geared to save as many lives as possible, because the consequences of infant mortality are far-reaching.
Emily Nowak, one of Johnson's doctoral students, interviewed mothers whose babies died in their first year and discovered communitywide consequences. "There's an impact when you live in a neighborhood where you always know someone who lost a baby in the last year," Johnson says. "The stress of that grief affects more than the family." Consider the Olympic skier poised at the top of the mountain. Or the college basketball player at the free-throw line. Even the preteen swimmer waiting for that race-starting dive.
What happens next depends not only on their athleticism and physical training, but also on their mental preparation. One group of UWM researchers excels at helping performers of every ability develop a mindset for success.
"We conceptualize performance on a continuum," says professor and sport psychology consultant Barbara Meyer, "from the person with rheumatoid arthritis who wants to garden, to tactical athletes such as police officers and firefighters, to elite-level sport athletes."
Meyer is director of UWM's Laboratory for Sport Psychology and Performance Excellence, or LSPPE. She and her colleagues research and apply proven psychological strategies to help people optimize performance, prevent injuries and make quicker comebacks if they are injured.
Meyer has an international reputation for helping top athletes succeed. Since 2001, she's consulted with Olympic medalists and world champions, be they Australian and Canadian skiers or hockey players from the United States and Canada. She provides strategies to overcome a variety of mental obstacles, including one that's among the most common: fear of failure.
"People say, 'You have two Olympic medals! What are you afraid of?'" Meyer explains. "But the athletes worry that they can't maintain the same level of performance. They say, 'What if I can't repeat this?'" She helps them do just that, and the LSPPE conducts research to stay at the cutting-edge of the sport psychology field. One recent line of research examined the use of mental skills during injury rehabilitation. Another sought to better understand an athlete's readiness for psychological skills training.
The LSPPE also collaborated with UWM's Human Performance & Sport Physiology Laboratory to examine firefighter recruit training programs. That project's goal of decreasing injuries would save municipalities millions of dollars in health care costs.
How UWM sport psychology experts help athletes achieve peak performance.
RIGHT state of mind
B Y E R I N O ' D O N N E L L Barbara Meyer (left) and Monna Arvinen-Barrow
Much of the LSPPE's research focuses on the results of collaborative work among athletes, coaches and sport psychology consultants. Such interdisciplinary approaches have been shown to speed an athlete's injury rehabilitation, while also improving their performances, as graduate student Courtney Hess discovered while studying an injured skier at the 2014 Olympics.
But LSPPE consultations aren't just for Olympians. UWM's own athletes benefit, too.
JJ Panoske, a former UWM men's basketball player, took a sport psychology course with assistant professor Monna Arvinen-Barrow and later asked to meet one-on-one for consultations. The 6-foot-10 forward felt he had the physical skills, the height and the potential to succeed on the court, but suspected his mental skills were holding him back.
His hunch was right. "I realized I was always worrying about the game that was coming up," Panoske says, "or if I'd made a bad play in the last game."
Arvinen-Barrow, a British Psychological Society chartered psychologist, works with athletes across many ages and competition levels. She says they often worry about the past or future instead of staying focused in the present. Performers also may struggle to regulate their intensity or dial back the stress response -pounding heart, fast breathing -in key moments.
So Arvinen-Barrow worked with Panoske to develop breathing techniques he could use during game breaks. He saw immediate improvement. "In a month, I was averaging about six points more a game and maybe five rebounds more a game," he says. "It just was a night-and-day difference." Without it, Panoske says he never could've turned pro and played for the NBA Development League's Maine Red Claws.
Altering an athlete's thinking takes time. Meyer and ArvinenBarrow usually begin with in-depth consultations, sometimes conducted via Skype or FaceTime, because athletes are often in other countries. "We do a lot of listening," Arvinen-Barrow says.
After that initial work, as clients near their competitions or performances, the interactions shift. "We may have a session at the bottom of the ski hill for two minutes," Meyer says. "When we're in competition mode, we don't want to have a lot of conversation. We're reinforcing their productive psychological and physical habits, helping them to stay out of their own way."
It sounds simple, but sport psychology is anything but an easy fix. "People think this is the secret sauce, the magic pill, the silver bullet," Meyer says. The reality is that it takes work to be effective.
But Meyer and Arvinen-Barrow stress that with such work, most people can develop the right mindset for success. "You can become more confident. You can learn to concentrate better. You can become more resilient," Meyer says. "Just like we can change the capacity of our muscles, neuroscience research shows we can change the capacity of our brains." " It just was a night-and-day difference, " says former UWM and current professional basketball player JJ Panoske. Seligman, a professor of history, encountered the phenomenon of the Chicago block club while investigating the transitions of Chicago neighborhoods. The clubs were so ubiquitous and embedded in the city's culture that she initially took them for granted. But this book shows how small battles waged by these organizations are vital to understanding the city's political and social history.
The Holy Madmen of Tibet
David M. DiValerio. Oxford University Press, 2015. The Life of the Madman of Ü David M. DiValerio. Oxford University Press, 2016. Contrary to the popular image of Buddhist monks as sober, contemplative quietists, DiValerio shows "The Holy Madmen of Tibet" engaging in behavior that appears calculated to shock and disgust. The historian pays particular attention to the 15th and 16th centuries, when the three most famous and revered of them flourished. In that vein, "The Life of the Madman of Ü" is DiValerio's translation of a 15th-century biography of one of the most famous of these remarkable "mad" ascetics. UWM sociologist Jennifer Jordan examines how people around the world have sought to identify and preserve old-fashioned varieties of fruits and vegetables. Along the way, Jordan shows how these foods provide a powerful emotional and physical connection to our genetic, cultural and culinary past. Jordan also explores the role home gardeners have played in preserving "the taste of childhood" by growing their grandmother's tomatoes or an old apple variety.
BOOKS FROM UWM
Architecture student Asal Issa, pictured behind her window design that could save the lives of countless birds.
A FLYING Buttress
You could say Asal Issa's design is for the birds. Because it might save plenty of them.
The junior architecture major created the pattern pictured above to deter birds from flying into windows, and it's being tested on glass facades at the School of Architecture and Urban Planning.
Between 365 and 988 million birds die annually from building collisions in the United States, according to a study released in 2014, and dozens of those happen at the SARUP building. The window-pattern test, scheduled for a spring 2017 installation, is part of a multiyear interdisciplinary project to study and reduce such collisions.
Issa's design of swooping and contrasting lines was chosen from 120 student entries, and it's applied to windows using a special film that can last for years. She wanted to create a sense of motion on the glass while obscuring some of the translucent surface. "For the birds to be deceived a little, " Issa says, "so they wouldn't actually hit something. I tried to think how the birds view things. " She had to do it while allowing windows to still be windows, letting in natural light and letting building occupants see outside. She sought inspiration from her favorite architects, including Santiago Calatrava, designer of the Milwaukee Art Museum's Quadracci Pavilion.
"Asal is incredibly rigorous, very precise. Sort of the ideal design student, " says Filip Tejchman. He's an assistant architecture professor who leads the project with associate architecture professor Mike Utzinger and associate geography professor Glen Fredlund.
Issa grew up in Chicago, where she became enamored with the architecture of high-rise buildings.
"I've wanted to be an architect since the seventh grade, " she says, and she's found UWM's program to be the perfect match for her goals. "I feel like it suits me in a design sense, because I'm able to experiment more with design. I love the feedback from the faculty, and it makes me want to learn even more. "
The bird-collision study is supported by a Support for Undergraduate Research Fellows grant. In addition to SARUP's efforts, it involves students and faculty from UWM's Department of Geography and personnel from the American Bird Conservancy.
-GRAHAM KILMER UNDERGRADUATE RESEARCH Paramedics rush a 6-year-old boy into the Children's Hospital of Wisconsin emergency department. His heart has stopped. Doctors have precious minutes to act. He needs an epinephrine injection, but the dosage must be precisely tuned to his age and weight.
In seconds, a doctor enters the boy's age into a smartphone app, which displays the exact dosage. It's administered, the boy's heart rate returns, and the crisis subsides in minutes.
The doctor used the First Five Minutes app, launched by UWM's App Brewery, the Medical College of Wisconsin and Children's Hospital. Whereas physicians once relied on imperfect memory or time-consuming books of charts for dosing information, the new app quickly calculates it for patients ranging from 5-pound newborns to 150-pound 18-year-olds.
UWM students at the Brewery develop smartphone apps for nonprofits, research groups and the private sector. "It's a learning atmosphere," says student developer Evan Timmermann, who worked on First Five Minutes. "We learn new skills and grow in the technological and marketing side of computer science." Dr. Amy Drendel, who works in the emergency department at Children's, devised the app with two other pediatricians and a pediatric nurse. They approached the App Brewery to make it a reality. Because Children's is a teaching hospital, medical expertise ranges from student physicians to tenured professionals. Experienced doctors would often calculate dosages from memory, while newer staff consulted thick flip-books of charts, cross-referencing patient information with medications and punching buttons on a calculator. Meanwhile, seconds ticked away for patients.
The app is a streamlined, digital copy of that book, and automatically does calculations and conversions. It requires only two clicks to enter and confirm a patient's age or weight, saving time and reducing the potential for error. The app produces one table with all of the patient's standardized information.
"Doctors started using the app in the emergency department resuscitation area, and it took off," Drendel says. Children's now projects the app onto a screen in the resuscitation room so that all staff members see the same information. "It's simple, but it saves lives. I take pride in that," Timmermann says. "It's something that you don't think a computer science major really does, especially as a student. It opened up my eyes to how the technological field can really help improve the medical field." But at UWM, the sophomore community arts major and undergraduate research assistant immersed herself in such history. That was especially true when she helped design a mural celebrating the city's Latinos. It measures 9 feet by 85 feet, and it's scheduled for a spring 2017 installation in Milwaukee's Walker's Point neighborhood.
"I've really been learning so much about my own history working on this project," says Cortes, whose father is a Mexican immigrant. "Seeing the struggles and injustice that others before me endured has encouraged me to become more active."
Raoul Deal, a senior lecturer in the Peck School of the Arts Community Art program, leads the collaborative art project. It involves students from UWM and 10 local high schools through ArtWorks for Milwaukee, a nonprofit that offers job training for teens.
The mural honors the legacy of Latino immigrants and the 50-year history of the United Migrant Opportunities Services, a nonprofit focused on employment and educational, health and housing opportunities. Students did much of the historical research, and helped plan and design the mural.
"It was the perfect opportunity for me to meet new people and expand my art skills," says UWM freshman Trey Savage. Now doublemajoring in art and psychology, Savage started working on the project as a high school senior.
Local filmmaker Cris Siqueira is making a short documentary on the mural's creation. Also, Michael McClone-Carriere, an associate professor at the Milwaukee School of Engineering who helped develop the project, is writing a book about it. Interviews with UMOS activists will be stored in the UWM archives.
Supporters of the 13-month community art project include UMOS, the Greater Milwaukee Foundation, MSOE, ManpowerGroup, the federal Community Development Block Grant program, and the Wisconsin Humanities Council through funds from the National Endowment for the Humanities. Deal and his students with a portion of their mural celebrating Milwaukee's Latino community.
An elite research institution UWM joined the nation's elite research institutions in 2016 with a designation of "highest research activity" from the Carnegie Classification of Institutions of Higher Education. The rating was bestowed upon only 115 of the 4,665 universities evaluated. In Wisconsin, only UWM and UW-Madison made the top tier.
UWM's climb reflects an intentional effort that dates to the 1960s, says Mark Harris, interim vice provost for research. That's when the administration began building doctoral departments as an "implicit commitment to research quality."
"When I think of the last 20 years at the university," he says, "we have brought in a lot of talented, young faculty who have been active researchers. And we've supplemented that with some investments on behalf of the university to help them really develop their research. Those investments have paid off."
Today, UWM has 33 doctoral and 64 master's programs enrolling about 4,600 students. Its research programs also allow 750 undergraduates to work side by side with faculty members in labs and other venues.
In all, the university had $58.6 million in research expenditures last fiscal year, up from about $49 million a decade ago. School dean, to determine the causes of oxygen depletion that causes dead zones in Green Bay and other waterways. "Water was just a natural draw for me," LaBuhn says. "There's something about protecting the Great Lakes that's really resonated with me." And UWM has been the perfect place for her to start down that path. "While I've been here at UWM, I've learned the research and worked on the boats, and I can do the fieldwork and analyze the data," she continues. "Now I get to see how the research we do can influence policy." Cloutier chose UWM's freshwater program because of its focus on environmental microbiology. "Most people that work in microbiology concentrate on the medical field," she says. But McLellan, her mentor, works on water contamination, which piqued Cloutier's interest. As LaBuhn and Cloutier take these next steps in their educations, their professors are confident in the jobs they'll do. "It takes a special individual to tackle these problems, one who is not afraid to think or work outside the box of their own specialty," Klump says. "If we are going to solve these problems, it is going to take scientists like Shelby and Danielle to do it."
TOP RESEARCH U N I V E R S I T I E S
UWM Research Foundation
LaBuhn says she's already seen the effect of legislators and citizens becoming interested in the Green Bay research. "You collect all this data, and sometimes you don't see it going anywhere," she says, "but when you see it being used by people to make a change, that's really gratifying." -KATHY QUIRK What COLORS India's saris
It takes a workforce of more than 6 million people to create India's signature sari, a yardslong garment that has pleated, folded, draped and wrapped itself around Indian women for 5,000 years.
Among those 6 million are people running small family businesses that color sari fabric in a combination of chemical dyes and water. After shipping the fabric to factories, these businesses are left with gallons of dye water that's contaminated with lead, copper, cadmium, iron, rubidium and other toxins, says Subhomita Ghosh Roy, a soil scientist and biological sciences doctoral candidate at UWM. The water is dumped in backyards, which could be near animal habitats, lakes and even elementary schools.
The businesses are run by families trying to break into India's middle class and stay there. Environmental protocol and procedures are expensive and loosely regulated.
Workers don't take many safety precautions during the dying process, and often don't wear gloves while repeatedly soaking their hands in chemical-laden water. "They told us: 'We can't keep up with the costs,'" says Ghosh Roy, who spent part of summer 2016 doing field research in the southern Indian state of Karnataka. "Something should be done about that. "
Then there are the environmental consequences of dumping the wastewater. To study that, Ghosh Roy collected and analyzed contaminated soil samples from two dyeing businesses with the help of Bangalore Institute of Technology researchers and Marissa Jablonski, her UWM professor.
Ghosh Roy planted and tracked the growth of Lepidium, Sinapis and sorghum seeds. The three standard-indicator plants were grown in soil from a dye-waste site, as well as in uncontaminated control soil. After 72 hours, sophisticated imaging software revealed that plants in the uncontaminated soil grew much faster than their dye-contaminated peers.
Along with this growth-inhibiting effect, biomagnification is a main concern. Animals eat plants exposed to contaminated water and soil. Humans eat those animals and plants, and the human body excels at storing chemicals. The effects of heavy metals on human systems are not as widely studied in India as in the United States, where lead poisoning has had a devastating effect on urban families.
Ghosh Roy returned to Milwaukee after completing the field research, and her data analysis continues. Her dissertation research focuses on ecological contamination issues in Wisconsin. She plans on returning to India as a professor and soil scientist, and she hopes to improve workplace safety and environmental policy. -ANGELA McMANAMAN partnership that develops design solutions to promote change and encourage investment, says Carolyn Esswein, the program's director.
For this project, CDS worked with the South 27th Street Business Association, which is supported by the departments of development in Milwaukee and Greenfield. They want to refresh this historic commercial corridor, which had sprung up in the 1950s along Route 41, a main transportation link to Chicago.
The architecture students, led by December 2016 graduate Anna Doran, researched traffic counts, demographics and employment near 27th Street between Oklahoma and Layton avenues. They also conducted focus groups with residents, business owners and others.
Then they held an all-day planning and brainstorming session, called a charrette by architects, to develop a vision for the area. Professional architects from six local firms offered plans for segments of the corridor, revising them with feedback from residents, developers, investors, city officials and other interested groups. "It's interesting see how professional architects handle it when they're faced with four or five interested parties, all wanting something else from a project," says Bill Noelck, a CDS team manager who's seeking his master's degree in architecture.
The Milwaukee Metropolitan Sewerage District also was involved, and it already had long-term plans to return Wilson Creek to its natural state, removing the concrete channel it now flows through. The designers suggested adding more vegetation, pedestrian bridges and terraced plazas for public gatherings.
As for 27th Street itself, suggestions included developing mixed-use complexes containing apartments and retail businesses, as well as unifying signage and building fronts within existing strip malls.
CDS also noted that moving parking lots behind some businesses would enhance pedestrian access to them. How everything comes together depends on investment and financing.
But Esswein and the project's constituents say having a master plan will make it easier.
"The ideas that came out of the charrette for that site are incredible," UWM redesigned its developmental mathematics program in 2014 to help students finish remedial courses faster and learn more. Such courses provide no credit toward graduation but are necessary to get some students up to speed. Kyle Swanson, the professor of atmospheric sciences in the Department of Mathematics who helped organize the new approach, explains the changes and how they're succeeding.
THE NEW MATH
B Y K A T H Y Q U I R K
WHY DID THE MATHEMATICS DEPARTMENT DEVELOP THIS NEW PROGRAM?
The main goal was to allow students to start taking mathematics courses for credit sooner. With the new courses, students can complete remedial work in two semesters rather than three.
WHY IS THIS SO IMPORTANT?
At UWM, 30 percent of all students and 40 percent of underrepresented students fail to return for a second year. Math anxiety and the time it takes to complete enough mathematics coursework to earn credit have been major stumbling blocks to student success.
WHAT HAVE BEEN THE RESULTS?
The difference is significant. Our preliminary research finds twice as many students in developmental mathematics are completing necessary work nearly twice as fast. In fall 2012, 38 percent of 1,524 students in remedial courses could take a credit-level math course their first year. In fall of 2014, 67 percent -890 out of 1,321 -could do so. And we accomplished this without lowering standards. As a result, first-year students are staying in school, and the achievement gap between minority disadvantaged students and others is closing.
WHAT ARE THE ECONOMIC FACTORS OF THIS NEW APPROACH?
Because remedial math reform increases the number of students who complete their degrees, it has important financial implications for the university, and for students and society. Our UWM research indicates that students who finish their math remediation during the first year complete their degrees at a similar rate to UWM's average six-year completion rate.
Previous national studies on completion rates indicate UWM could "save" $22,500 in gross revenue per student over four or five years if students complete their degrees rather than drop out. That's an additional $2.25 million for every 100 students who finish their degrees. Also, college graduates still earn, on average, $20,050 -61 percent -more per year than high school graduates, and this premium is increasing with time.
HOW DOES THIS NEW APPROACH WORK IN THE CLASSROOM?
The focus is to make learning much more interactive. The traditional math lecture has the instructor speaking, and students observing and writing down things. However, for better or worse, mathematics is not a spectator sport. If we've learned one thing -and this is true in all science, mathematics and engineering fieldsit is that students must actively participate to learn.
COULD YOU GIVE SOME EXAMPLES OF THE CHANGES?
All instructors learned new ways of teaching to encourage classroom participation. Classwork was reorganized so students prepared ahead of class sessions rather than listening to a lecture and then doing homework. Then, in the classroom, they present their answers and work in teams to show how they got the answer. That means they have to learn it well enough to teach it.
Another change is to move students away from "procedural activities," where they have a sample problem or a framework and fill in numbers. Instead, they are learning to figure out the framework themselves. One thing we really emphasize is the concept of productive struggle -that it's OK if they don't know the answer or don't know how to get to the answer right away.
HOW ARE INSTRUCTORS KEEPING TRACK OF STUDENT PROGRESS?
Students use ALEKS, an artificial intelligence program that allows them to work through problems at their own pace and provides them with feedback. ALEKS also allows instructors to evaluate how students are doing and where they may need help.
WHAT ARE THE LONG-TERM IMPACTS?
This interactive approach engages the longerterm memory. It's not just a matter of stuffing some information in your brain, doing the problem, and -poof -it disappears. The new courses also focus on helping students overcome math anxiety and understand the value of math in dealing with real-life issues like credit cards and student loans. They also give students a better idea of why math is important and why people choose careers in math. Some have been encouraged to continue their math studies. Enrollment in the next-level course, applied calculus, is up 20 percent.
Kyle Swanson
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